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Forecasting aphid and virus risk in cereals 
By Debbie Thackray, Jenny Hawkes and Roger Jones, 
Agriculture Western Australia and Centre for Legumes in Mediterranean Agriculture 
KEY MESSAGE 
• A decision support system (DSS) is being developed to forecast the need for insecticides to 
control aphid vectors of BYDV in different districts each year. 
• In 1999, five trials at sites representing a range of annual rainfall zones from 330 to 1035 mm 
were set up to provide additional aphid and virus data for validating the DSS. 
• The results confirmed that aphid arrival date is closely linked to pre-growing season rainfall, 
and that the amount of BYDV spread is affected by both aphid vector arrival date and the 
proportion of them carrying virus into the crop from external sources. 
• Results from these sites and historical climatic, aphid and BYDV data have been used to 
validate the insecticide DSS constructed for use by advisers and growers.   
• A preliminary forecast will be available in May 2000 through the Internet 
(http://www.agric.wa.gov.au).  Once the DSS has been refined using data on virus reservoirs 
and aphid feeding damage collected in year 2000, it will be available through other means as 
well as the Internet, and predictions will also be given via AGRICULTURE WESTERN 
AUSTRALIA’S's PestFax. 
BACKGROUND 
Barley yellow dwarf virus (BYDV) causes a disease in barley, wheat and oats, which when plants are 
infected before the end of tillering can lead to stunting and subsequent losses of up to 50% in yield 
and in quality.  The virus is brought into cereal crops by aphids that have been feeding on infected 
grasses.  These aphids establish colonies in crops and spread BYDV further as they move from 
infected to healthy plants during feeding, causing circular patches of affected plants which then 
coalesce.  Virus symptoms take at least three weeks to appear and can easily be confused with those 
of nutrient deficiencies, e.g. leaf yellowing in barley and some wheat varieties, and reddening of older 
leaves in oats and the flag leaf in other wheat varieties.  
The Grains Research and Development Corporation (GRDC) have funded research to develop 
effective BYDV management strategies and a forecast of risk for both cereal aphid outbreaks and 
epidemics of BYDV.  It is vital to suppress BYDV spread during the first 8-10 weeks after crops 
emerge.  Usually this means applying pyrethroid insecticides based on an assessment of risk, before 
aphids and/or BYDV symptoms are easily seen.  Spray recommendations are available on AgFax 
(Doc. 20379) or through the new AGWEST Internet site on BYDV (http://www.agric.wa.gov.au – look 
for BYDV under B in the index).  A broad-based forecast will be available in May 2000 through the 
BYDV Internet site and via PestFax.  The decision support system (DSS) for aphid and BYDV control 
will be refined using new information gathered during year 2000 on the magnitude of the reservoir 
of BYDV infection in different districts and on spray thresholds for direct aphid feeding damage. 
BYDV RISK PREDICTION 
The risk of occurrence and spread of BYDV infection in crops changes from year to year and place to 
place.  BYDV must survive the summer in living cereals or grasses in places such as roadside 
ditches, creeks, soakaways and irrigated gardens.  It cannot survive on dead stubbles or in seed. The 
extent of risk is largely dependent on the amount of rainfall before the growing season.  With greater 
rainfall in late summer and early autumn (February-April) the extent of grass and crop volunteer 
survival increases beyond the edges of creeks, soaks, ditches, irrigated gardens, etc.  This expands 
the reservoir of aphids and virus and leads to early aphid arrival in crops in affected districts.  High  
annual rainfall areas (> 500 mm) are at most risk, especially when perennial grass hosts of BYDV, 
such as Couch, Veldt grass and Paspalum are present.  In years with dry conditions from February to 
April, the risk of infection is low and spraying may not be needed even in high-risk areas. 
1999 VALIDATION PLOTS 
To help validate the outputs from the BYDV forecasting model, large, square plots of wheat (and at 
one site also barley) were established at the same sites as in 1998 at AGWEST Research Stations at 
Merredin (Average annual rainfall 330 mm), Avondale (Av. 420 mm), Badgingarra (Av. 600 mm), 
Mount Barker (Av. 750 mm) and Manjimup (Av. 1035 mm).  At all sites except Merredin, there were 
two such plots representing two times of sowing (early May and early June).  
RESULTS 
1999 was an interesting year in general, as some areas which are usually low risk for virus (medium 
to low annual rainfall zones) experienced unusually early aphid arrival and greater virus spread than 
usual, whilst other areas which are usually high risk for virus (high annual rainfall) saw unusually late 
aphid arrival and less virus spread than usual.  Aphids arrived earliest at the sites with greatest pre-
growing season (March and April) rainfall (e.g. Badgingarra – 130 mm) and latest at the sites with 
smallest pre-growing season rainfall (e.g. Mount Barker – 40 mm and Manjimup – 20 mm) (Figure 1).  
At Badgingarra there was greater spread than usual (up to 17%), but it was not as great as at 
Manjimup despite aphids arriving later there.  However, the figure for Manjimup (up to 21%) was far 
less than in previous years (e.g. 58% in 1998).  At Mount Barker, which is usually relatively high 
BYDV risk, aphid arrival was late and only 10% of wheat plants and 2% of barley plants were infected 
by ear emergence.  
The results from 1999 and previous years suggest that although early arrival of aphids leads to 
greater spread of BYDV in cereal crops in different regions, this is also influenced by the amount of 
virus carried into the crop by arriving aphids.  For example, at Merredin (110 mm rainfall in March 
and April) aphids arrived unusually early, at a similar time to those at Badgingarra, but there was 
very little BYDV spread (1%) compared with Badgingarra (17%) or sites where aphids arrived later.  
This is probably because at Merredin, despite their early arrival, very few migrating aphids were 
carrying BYDV.  In contrast at Manjimup, where aphids arrived much later, far more of them must 
have been carrying BYDV as considerable spread took place in a short time (21%). The results 
confirm the need to know more about the reservoirs of BYDV in different rainfall zones.  Over-
summering surveys of grass weeds in a new GRDC funded project will provide information on the 
distribution of live potential hosts of BYDV and the proportion of these actually infected with BYDV 
and supporting aphids, throughout the different rainfall zones in the wheatbelt.  
Figure 1. For wheat plots belonging to the second time of sowing - date aphids first recorded, highest 
aphid numbers per tiller and highest % BYDV levels at 4 sites in different rainfall zones. 
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Cereal Diagnostics 
Dominie Wright, Agriculture Western Australia 
KEY MESSAGE 
• The diagnostic service is a valuable tool for sustaining productive crop industries in Western 
Australia.  Growers are able to respond appropriately to significant disease constraints, and the 
service prevents the over-reaction to minor or perceived disease threats. 
• The diagnostic service offered a leaf and stem rust identification service to growers at no 
charge.  The majority of the samples were wheat leaf rust.  Due to the wet conditions other 
leaf diseases such as Septoria and yellow spot were also prevalent. 
• The major leaf diseases identified in barley crops were net type and spot type net blotch.   
• Very few (27) oat samples were submitted for diagnosis.  Most of the samples were for root 
disease and had either Pythium root rot, take-all or Rhizoctonia.   
• Due to the wet growing season there was an increase in samples showing herbicide damage 
across a range of crops. 
• The majority of the cereal samples submitted were from the southern central and central 
agricultural zones across low to high rainfall areas.  Leaf rust was the most prevalent disease in 
the M3, L3 and M4 zones.  A high proportion of Take-all samples originated from the H4 zone, 
indicating that the high impact of this disease is probably associated with increased cropping 
in this traditionally pasture dominant high rainfall region. 
• Acknowledgment letters were introduced to the service, informing clients about preliminary 
observations and the test(s) recommended for determining the cause of disease.  The letter 
states the cost of the test(s) and gives clients the option to cancel the tests if they do not wish 
to pay.  The estimated time when results would be available is also indicated.  
• A client feedback survey has been developed to gauge customer reaction and needs following 
the introduction of fee for service this year.  
SAMPLES RECEIVED 
A total of 836 plant and soil samples were received during the growing season compared to 650 over 
a similar period in 1998.  The breakdown by host was wheat (42%), barley (8%), pastures (3%), non-
cereal (38%) and others (9%). 
COMMON DISEASES DIAGNOSED 
Root nematodes 
Among barley samples received, 19 had moderate to very high root lesion nematodes detected.  The 
majority of samples were P. neglectus with only one sample having P. thornei.  There was one barley 
sample submitted with cereal cyst nematodes.  The samples covered a wide range of the agricultural 
and rainfall zones. 
Among wheat samples submitted, 46 had high to very high numbers of root lesion nematodes 
detected.  The species observed were Pratylenchus neglectus (56%), P. thornei (30%), P. zeae (12%), 
and Radopholus (2%).  For the first time, cereal cyst nematode (Heterodera) was detected in the 
Esperance district.  CCN was also recorded in the Northam and York district on wheat. 
There were 100 wheat samples submitted for nematode tests on the roots.  A total of 40 samples 
were found to have high population counts of P. neglectus or P. thornei.  The population number 
varied with time, however the level detected was considered to have an economic impact on yield.  
Table 1 shows the number of samples with a similar cropping history that had high population 
counts.   
Table 1. Number of samples with similar cropping history which had high 
impacting population of root lesion nematodes 
Previous crop 
Number of 
samples 
Barley 1 
Canola 12 
Chickpea 2 
Clover 3 
Fallow 1 
Hay 1 
Lupins 5 
Pasture 5 
Wheat 1 
Not given 9 
Total number of samples 40 
Root disease 
Take-all was detected in 11% of the wheat samples, 21% of the barley samples and 14% of the oat 
samples.  Most of these were from the southern central and central agricultural area.   
Rhizoctonia was detected in 25% of the oat samples, 11% of the barley samples and 7% of the wheat 
samples.  Samples were submitted from all agricultural zones 
Leaf and stem rust 
A total of 128 cereal samples were received for stem and leaf rust identification.  The majority of the 
samples were wheat (98%).  Leaf rust was the main disease detected (91%) and also stem rust (9%).  
No samples of stem rust on oats were submitted.  Spear (16%), Stiletto (15%), Amery (9%) and Arrino 
(14%) were the main varieties submitted for wheat leaf rust.  Amery (4%), Westonia (2%), Spear (1%) 
and Stiletto (1%) were the main varieties submitted for wheat stem rust.   
Leaf diseases 
Septoria nodorum blotch was identified as a significant disease on 12% of the wheat samples, while 
septoria tritici blotch was identified on 2% of the samples.  The majority of the samples were 
submitted from the southern central and central district.  Yellow spot was detected on 9% of the 
samples.  Of the barley samples, 21% had spot-type net blotch, mostly from the southern (H5E) area, 
while 12% had net-type net blotch.   
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The economic returns from spraying for leaf rust in 
the central wheatbelt in 1999 
Peter Carlton, Trials Coordinator, Elders Limited 
KEY MESSAGE 
Farmers in the central wheatbelt can expect financial returns to spraying fungicide on rust susceptible 
wheats with a yield potential of about 2 tonne.  But, benefits from spraying these crops are still 
uncertain and the decision to spray needs to be considered carefully.  At Dowerin a 2 tonne Stiletto 
crop showed no yield improvement and physical grain quality was not improved by the use of 
fungicides and, with 10% screenings, all treatments would have been relegated to GP1.  However, at 
Kellerberrin all fungicides gave an economic return, through greater yield or lower screenings.  Gross 
dollar returns per hectare were greatest for Folicur at $379 and lowest for Impact at $340 whilst the 
untreated crop returned $295.  These trials were sprayed when disease was quite advanced and 
present on the flag, yet was the time when many farmers in the districts also sprayed.  It is likely that 
earlier spraying, more in line with Agriculture Western Australia recommendations may yield more 
positive results. 
INTRODUCTION 
Given the extent of leaf rust in wheat in 1999 two opportunistic experiments on farmer grown crops 
were established in the central wheatbelt to provide information on the circumstances in which a 
farmer may expect an economic response to the use of fungicide sprays.  Crops of rust susceptible 
varieties with an expected yield potential of 2 tonne were targeted. 
METHOD 
Stiletto wheat at Dowerin and Arrino wheat at Kellerberrin that were under moderate disease pressure 
were sprayed at complete flag leaf emergence with Folicur (145 ml), Impact (250 ml), Tilt (250 ml) and 
Triad (1000 ml) in a randomised complete block design with 3 replications.  A uniform, weed free area 
was chosen in each crop and plots measuring 3 m *25 m with 1.2 m between plots were marked 
alongside each other and transverse to the direction of seeding.  Pathways and headlands were 
sprayed with Roundup at flag leaf emergence.  Fungicide treatments were applied by hand-boom 
measuring 2.4 m and calibrated to deliver 50 L of water ha-1 at 4 bar.  Plots were sprayed when the 
flag leaf had emerged in more than 75% of stems:  September 9 at Dowerin and September 10 at 
Kellerberrin.  Disease in the flag leaf and flag minus one and two was measured, as percent leaf area 
damage, at the time of spraying and then at 9 and 21 days after spraying.  Plots were machine 
harvested in a 1.1 m strip down the middle of the plot and grain yield calculated on 27.5 m2.  
Screenings, hectolitre weight and thousand-grain weight were measured on uncleaned harvest 
samples. 
RESULTS 
Leaf rust was the predominant disease at Kellerberrin whilst Septoria was also present at Dowerin.  
Disease pressure at the time of spraying was high with rust pustules present on the flag leaf (< 10%), 
flag-1 (40% Kellerberrin, 60% Dowerin) and flag-2 (30, 80%) at both sites.  At 21 days the flag leaf in 
untreated plots were 30% necrotic at Dowerin and 55% necrotic at Kellerberrin.  Disease control was 
generally poor with little discernible disease reduction on the flag leaf with fungicide treatment 
(Table 1).  Folicur, Tilt and Triad resulted in a slight reduction in necrosis of the flag at both sites but 
the improvements were slight.  As expected the yield response to fungicide treatment was small. 
No significant yield differences between fungicide treatments were evident at Dowerin, but Folicur 
and Impact gave a significant yield response of more than 15% compared to the untreated control at 
Kellerberrin (Table 1).  Tilt and Triad showed no yield advantage at either site.  Physical grain quality 
was not improved by the use of fungicides at Dowerin and, with 10% screenings, all treatments 
would have been relegated to GP1.  However, at Kellerberrin screenings were below 5% for Folicur, 
Tilt and Triad, and all fungicides gave an economic return. 
Gross dollar returns per hectare were greatest for Folicur at $379 and lowest for Impact at $340 
whilst the untreated crop returned $295. 
Table 1. Effect of fungicide treatment of leaf disease, grain yield and grain quality of Arrino wheat 
grown at Kellerberrin in 1999 
 
Fungicide 
treatment 
Leaf area necrosis 
(21d after spray) 
 
Grain 
yield 
(tha-1) 
 
Grain quality 
 
Gross 
$ 
return 
 Flag 
(%) 
flag-1 
(%) 
flag-2 
(%) 
Hectolitre 
(kg/ha) 
Protein 
(%) 
Screenings 
(%) 
Control 55 92 99 1.90 80 9.8 8 2951 
Folicur 31 90 100 2.23 82.7 9.2 4.4 3792 
Impact 51 95 100 2.20 81.5 9.2 5.5 3401 
Tilt 44 92 100 2.10 82.7 9.4 4.2 3582 
Triad 43 88 100 2.13 82.7 9.2 3.7 3622 
LSD    .24     
1 GP grade 
2 ASW grade 
CONCLUSION 
Farmers in the central wheatbelt can expect financial returns to spraying fungicide on rust susceptible 
wheats with a yield potential of about 2 tonne.  But, benefits from spraying these crops are still 
uncertain and the decision to spray needs to be considered carefully.  At Dowerin a 2 tonne Stiletto 
crop showed no yield improvement and physical grain quality was not improved by the use of 
fungicides and, with 10% screenings, all treatments would have been relegated to GP1.  However, at 
Kellerberrin all fungicides gave an economic return, through greater yield or lower screenings.  Gross 
dollar returns per hectare were greatest for Folicur at $379 and lowest for Impact at $340 whilst the 
untreated crop returned $295.  These trials were sprayed when disease was quite advanced and 
present on the flag, yet was the time when many farmers in the districts also sprayed.  It is likely that 
earlier spraying, more in line with Agriculture Western Australia recommendations may yield more 
positive results. 
The question of whether a farmer should spray low yielding crops and the economic value of such 
activities is still very much open to debate.  The results from 1999 highlight one problem of giving 
advice on crop disease, guaranteeing that use of fungicide will be effective and offer financial gain.  
Without prior knowledge of seasonal weather conditions following spraying it is difficult to offer 
clear and explicit advice.  However, results from trials such as these do indicate that fungicides can 
be (but not always?) financially beneficial on crops with moderate yield potential, and should be 
considered an integral part of the crop husbandry.  
Fungicide application is a form of risk management to protect yield potential and rewards cannot 
always be guaranteed.  Obviously it will depend on the variety, susceptibility to the disease and 
disease pressure at the time.  The error that can be made is in not acting on disease levels at the 
appropriate time, before the disease load becomes unmanageable.  Farmers need to be encouraged 
to survey their crops more closely and much earlier so spray options can be more thoroughly 
explored.  It is essential they then seek early agronomic advice on the merits of fungicide treatment. 
Trials such as this will help to build a database that will, in time, help to more precisely quantify the 
risks and benefits associated with spraying for foliar diseases in wheat. 
KEY WORDS 
Wheat, rust disease, fungicide, yield 
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Impact and Management of Yellow Spot and Leaf 
Rust in the Northern Agricultural Region 
Jat Bhathal1 and Robert Loughman2, Agriculture Western Australia 
1 Geraldton 
2 South Perth 
KEY MESSAGE 
• Yellow spot and leaf rust were the main diseases in 1999 and are likely to be prominent again 
in 2000.  Up to 31% yield loss was observed. 
• Economic disease control with fungicide applied at flag leaf emergence was demonstrated in 
commercial crops and plot trials, however yellow spot was more difficult to control than leaf 
rust or septoria nodorum blotch. 
• Varietal susceptibility influenced benefits from fungicide control of leaf diseases.  Brookton 
and Carnamah performed well without fungicide. 
• Improving disease management will need to integrate variety, disease type, fungicide type, 
yield potential and climate. 
AIMS 
Leaf diseases of wheat in the northern agricultural region of Western Australia frequently limit yield 
and affect quality.  Yellow spot (Pyrenophora tritici-repentis), septoria nodorum blotch (Stagonospora 
nodorum) and leaf rust (Puccinia recondita f sp tritici) are the main diseases.  Management systems 
of cultural, agronomic and varietal control are being combined with chemical control to reduce disease 
and improve yield.  However, the benefits of chemical control vary with seasonal conditions.  
Experiments were established to define situations where disease impact can be economically 
reduced. 
RESULTS 
Impact of leaf diseases on grain yield and economic response to fungicide control 
The relationship between wheat leaf disease and yield was examined in two experiments.  Amery 
wheat was grown at two locations where either septoria nodorum blotch or yellow spot severity was 
manipulated experimentally.  Disease control resulted in up to a 1.1 t/ha (31%) yield increase.  There 
were significant negative correlations of disease severity and yield for both diseases.  Variation in 
disease explained 86-92 per cent of variation in yield. 
At six locations fungicide was used to investigate the extent to which losses due to yellow spot can 
be prevented.  At two of these locations leaf rust was also present.  Disease control was moderate 
during grain filling.  Up to 16% loss in grain yield was observed.  At three locations Folicur 430 EW at 
low (72 mL/ha) and standard (145 mL/ha) rates resulted in economic yield gains whereas, at three 
other locations, benefits were absent or variable (Table 1).  Yellow spot was more difficult to control 
than leaf rust or septoria nodorum blotch.  In separate experiments effective control of septoria 
nodorum blotch or leaf rust from single fungicide applications resulted in net profits of $50-100/ha. 
Table 1. Effect of fungicide spray on yield loss due to leaf disease (predominantly yellow spot) and 
estimated profit/loss in wheat at six locations in 1999 
Locations Ogilvie Yuna E-Ogilvie Buntine E-Nabawa Mingenew 
Disease Levels 
(% leaf area diseased) 
At Z39* 4 4 28 10 19 41 
At Z77** 71 29 69 91 100 65 
Yield Potential (t/ha)  4.18 4.07 2.83 2.92 3.62 2.83 
Yield Loss (%)  12 6 10 12 16 10 
Yield increase (t/ha) with single spray 
of Folicur 430 EW @ 
72 mL/ha 0.27 0.16 0.11 0.20 0.34 0.02 
145 mL/ha 0.48 0.10 0.08 0.29 0.35 0.08 
Estimated Profit or Loss ($/ha)*** 72 mL/ha 25 9 2 16 36 -10 
145 mL/ha 50 -9 -13 19 28 -11 
* Infection on flag-2 leaf after flag emergence. 
** Infection on flag leaf at early grain fill. 
*** Assuming farm gate price of ASW wheat $150/t. 
Control of yellow spot with different triazole fungicides 
At Mingenew and East Nabawa different commercial triazole fungicides were compared for leaf 
disease control and relative economic returns.  Yellow spot was predominant at both sites but leaf 
rust also occurred at Mingenew.  At both sites Tilt 250EW was the most effective fungicide for 
controlling yellow spot.  Yield effects were not significant at Mingenew (2.8 t/ha) but at East Nabawa 
Tilt was the most economic treatment and resulted in a 17% yield increase (3.6 t/ha) and $56/ha 
profit. 
Effect of variety and disease type on benefit from fungicide control 
At Ogilvie and Mingenew the effect of fungicide disease control on eight cultivars varying in resistance 
was investigated in split plot experiments.  Main treatments of either nil fungicide, Folicur430EW 
290 mL/ha at Z39 and Folicur 290 mL/ha at Z31, Z39 and Z55) were evaluated with cultivars Ajana, 
Amery, Arrino, Brookton, Carnamah, Cascades, Spear and Westonia.  Disease development was 
monitored regularly and plots were harvested for yield.  
At Mingenew leaf rust was dominant and caused up to 1.0 t/ha (20%) yield loss (Table 2).  The single 
fungicide spray was highly effective in controlling the disease and prevented over 90% of yield loss in 
susceptible varieties.  Brookton, Carnamah and Westonia were least affected by leaf rust.  At Ogilvie 
only yellow spot developed and resulted in up to 0.6 t/ha (19%) yield loss.  The single fungicide spray 
provided poor disease control and prevented less than 50% of yield loss in susceptible varieties.  
Westonia, Arrino, Cascades and Brookton were less affected by yellow spot than other cultivars and 
partial resistance in these varieties can be used to minimise impact of this disease. 
Table 2. Yield response of wheat cultivars from leaf disease control by foliar fungicide application 
Varieties 
Yield t/ha (% of nil) 
Yellow spot dominant (Ogilvie) Leaf rust dominant (Mingenew) 
Nil One spray Three sprays Nil One spray Three sprays 
Ajana 2.69 2.91(108) 3.33(124)* 2.72 3.47(127)* 3.76(138)* 
Amery 2.22 2.39(108) 2.61(118)* 2.57 3.10(121)* 3.16(123)* 
Arrino 2.90 2.83(98) 3.06(106) 2.86 3.51(123)* 3.56(125)* 
Brookton 3.20 3.40(106) 3.49(109)* 3.81 3.93(103) 4.08(107)* 
Carnamah 2.88 3.07(106) 3.33(115)* 3.76 3.93(105) 4.06(108)* 
Cascades 2.65 2.48(94) 2.84(107) 2.86 3.07(107)* 3.34(117)* 
Spear 2.72 2.92(107) 3.15(116)* 2.91 3.85(132)* 3.90(134)* 
Westonia 2.85 2.61(91) 2.88(101) 3.40 3.64(107)* 3.64(107)* 
LSD 0.05 0.26 0.20 
* Significantly different from Nil. 
CONCLUSION 
Part of the variability in disease response with fungicide is related to seasonal shifts in the relative 
severity of septoria nodorum blotch, yellow spot and leaf rust.  Fungicides were less effective in 1998 
and 1999 when yellow spot was dominant compared to 1997 when yellow spot occurred with septoria 
nodorum blotch.  Fungicides provided effective control of septoria nodorum blotch and leaf rust in 
both 1997 and 1999. 
Different seasonal climatic effects also influence experimental outcomes.  Rainfall has a direct 
influence on spread and infection by leaf pathogens.  Winter rains in June-July influence inoculum 
load while spring rain in August-September determine extent of disease progress during grain filling.  
Probabilities of rainfall scenarios can be developed and applied to decision making for fungicide use. 
Significant advances have been made in understanding opportunities of improved disease 
management in the NAR in recent years.  Further opportunities in disease management will follow 
integration of not only yield potential and disease severity factors but also variety, disease type, 
fungicide type and climatic factors. 
KEY WORDS 
leaf diseases, leaf rust, yellow spot, fungicide, varieties, control 
GRDC Project No.: DAW488 
Leaf disease management in wheat and barley in the 
southern agricultural region 
K. Jayasena, R. Loughman and J. Majewski, Agriculture Western Australia 
KEYPOINTS 
• Foliar sprays economically control leaf rust.  Success in economic control of stem rust was also 
achieved with single fungicide sprays in 1999. 
• Yield loss from spot type net blotch was around 20 per cent in three 1999 experiments.  On the 
south coast rotations of one in three years and avoidance of adjacent barley residue paddocks 
are recommended.  Fungicide control shows promise for the future. 
AIM 
Leaf diseases have intensified in cereals in the southern agricultural region as a result of changing 
cropping systems and climatic influences.  Experiments were established to define situations where 
disease impact can be economically reduced. 
WHEAT LEAF DISEASES 
Foliar fungicides are highly effective for control of leaf rust (Puccinia recondita f sp tritici).  Fungicide 
seed treatment can be beneficial if leaf rust infection occurs very early, for example from nearby 
infected volunteers.  Early season strategies in fungicide control were compared to conventional foliar 
sprays at Katanning in Ajana wheat.  However leaf rust did not develop until late spring and in this 
situation seed treatment with Real provided no significant yield benefit.  Impact-in-furrow 
(unregistered) and Folicur spray significantly increased yield and Folicur spray was most economic 
(Table 1). 
Table 1. Control of leaf rust in Ajana wheat using different fungicide strategies, Katanning 1999 
Treatment Yield t/ha (%) Est. profit $/ha 
Untreated 2.87 (100)  
Rea l200 g/L FS @ 300 mL/100 kg seed 2.96 (103) 0 
Impact 250-in-furrow @ 400 mL/ha 3.18 (111) 17 
Folicur 430SC 145 mL/ha Z39 3.17 (111) 20 
Lsd 5% 0.2   
While stem rust (Puccinia graminis f sp tritici) is rare in Western Australia it can be very damaging 
and has caused heavy individual crop losses over the last three years.  Experience with fungicide 
control is very limited and few fungicides are registered.  In a 1997 experiment late fungicide 
treatment resulted in poor disease control.  In 1999 experiments spray timing was not very critical if 
undertaken before disease is severe (Table 2). 
Table 2. Timing and rate of Folicur 430EW for stem rust in Westonia wheat, Esperance 1999 
Timing Yield t/ha (%) Est. profit $/ha* 
Nil 1.8 (100)  
145 mL/ha at onset of disease 2.6 (146) 99 
290 mL/ha at onset of disease 2.8 (159) 116 
145 mL/ha delayed 3 weeks 2.6 (143) 91 
290 mL/ha delayed 3 weeks 2.8 (154) 103 
290 mL/ha both times. 3.3 (185) 142 
Lsd 5% 0.3   
* Prior to assessment of grain quality. 
Wheat powdery mildew (Erysiphe graminis f.sp. tritici) is poorly understood in Western Australia.  It 
has steadily become more widespread since 1997 and occurred throughout the wheatbelt in 1999.  
No yield response was observed when control was attempted near Dumbleyung in 1998.  In 
fungicide experiments near Geraldton and Regan's Ford mildew failed to progress and no significant 
yield response occurred.  South of Lake Grace control of moderately severe mildew caused a 
significant yield response of 8-18 per cent in Cunderdin wheat, depending on fungicide. 
BARLEY LEAF DISEASES 
The emergence of spot type net blotch (STNB) (Pyrenophora teres f.sp. maculata) in southern areas 
is associated with the recent prominence of cv. Franklin for high yielding situations.  It is expected to 
persist as Gairdner is as susceptible to this disease as Franklin.  In the more disease-prone south 
coastal environments, growers were reluctant to grow barley in 1999 when disease risk was high and 
potential returns low. 
Experiments in 1999 demonstrated yield increases of 0.6-1.3 t/h when STNB in variety Gairdner was 
effectively controlled with fungicide.  Under the prevailing seasonal conditions, disease severity was 
low in early stages but developed to moderate levels by the end of the season.  Different fungicides 
were evaluated at two locations (Table 3).  The disease is difficult to control but these initial results, 
using high rates of fungicide, indicate some prospects for economic control with Tilt or other 
propiconazole based fungicides.  Impact, Folicur or Triad were unable to control STNB adequately.  
Crop rotation will remain the principal means of managing this disease.  However, it is hoped to have 
fungicide options more clearly defined and registered for use in the near future. 
Table 3. Effect of fungicides on yield of Gairdner barley affected by spot-type net blotch, 1999 
Fungicide 
Rate 
Yield 
(Wellstead) 
Yield (Esperance) 
 mL/ha  t/ha %  t/ha % 
Untreated 0 3.0 100 2.6 100 
Triad 125EC 1000 3.3 110 2.8 108 
Folicur 430SC 290 3.2 107 2.8 108 
Impact 250SC 500 3.2 107 2.8 108 
Tilt 250EC 500 3.7 124 3.1 119 
4 sprays Tilt/Rovral mixture (max control) 3.7 124 3.2 123 
Lsd 5%  0.3  0.2  
Barley leaf rust (Puccinia hordei) has historically been a disease of no consequence in commercial 
barley production in Western Australia.  In 1997 a new pathotype virulent on Franklin and Gairdner 
was detected.  In 1998 there was one severe outbreak of this pathotype in a very early sown crop of 
Franklin north of Albany where a yield improvement of 30-40% was observed from controlling leaf 
rust (joint Elders/CropCare/AGWEST trial).  In 1999 barley leaf rust occurred at Katanning, Gairdner, 
Lake King, Ravensthorpe and Esperance but despite being more widespread it was not noted as 
being severe.  It could occur in 2000 and summer barley volunteers should be destroyed and crops 
monitored in spring for the presence of minute pustules of this fungus.  Temporary registrations 
have been obtained for current commercial cereal fungicide sprays in the event that barley leaf rust 
develops in 2000. 
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Root nematode update 
R. Loughman1, S. Kelly1, G. Holloway2, N. Venn1 and D. Diepeveen1, 
1 Agriculture Western Australia 
2 Agriculture Victoria 
KEY POINTS 
• Yield losses in wheat from root lesion nematode (RLN) were assessed at up to 5 per cent in 
1999. 
• Soil populations vary in different rotations.  Differences in susceptibility among different crops 
can be used to manage soil populations to minimise impact from RLN. 
• Though rare in Western Australia, cereal cyst nematode can have a major effect on yield if 
populations build up through consecutive cereal cropping.  Doolup barley is resistant 
AIM 
Hosting ability and its effect on population dynamics of root nematodes is being studied to enable 
improved management of cereal nematodes. 
ROOT LESION NEMATODES 
Studies of the impact of principal rotational crops on nematode population dynamics were 
commenced in Western Australia with two experiments established in 1999.  The experiments are 
designed to simulate cropping sequences typical of rotations in Western Australia and thus evaluate 
the effect of different crop hosts on soil populations in cereal rotations.  Twelve different crop/cultivars 
including cereal, canola, fieldpea, chickpea, faba bean and pasture were grown at Doodlakine (P. 
neglectus) and Mukinbudin (predominantly P. thornei).  Initial results show crops support different root 
populations depending on nematode species (Table 1).  At the P. neglectus site less nematodes were 
extracted from non-cereal roots and faba bean and field pea showed lowest infestations.  At the 
P. thornei site the least number of nematodes were extracted from barley, canola and lupin roots and 
most P. thornei were extracted from chickpea.  Soil populations will give a more reliable overall 
indication of the effect of these crops on soil population dynamics. 
Table 1. Counts of root extracted nematodes from different crop species and varieties grown at 
Doodlakine and Mukinbudin, 1999 
  Nematodes per g dry weight root 
Species Variety P. neglectus (Doodlakine) P. thornei (Mukinbudin) 
  Log (x+1) 
transformed 
Detran 
Log (x+1) 
transformed 
Detran 
Cereal      
Barley Stirling 3.8 6194 2.4 273 
Oat Dalyup 3.9 8872 3.5 3161 
Wheat Machete 4.1 13305 3.7 4897 
Wheat Nyabing 4.0 8913 3.2 1584 
Non-cereal      
Canola Dunkeld 3.2 1486 1.3 19 
Canola Karoo 3.4 2742 1.8 63 
Chickpea Heera 3.6 4457 4.4 25467 
Faba Bean Fiord 2.5 339 3.3 2167 
Field Pea Dundale 2.2 169 3.6 4245 
Lupin Merrit 3.2 1656 2.6 414 
 Lsd 5% 0.4  0.7  
The cropping histories of 35 paddocks sampled in the Victorian Wimmera in early 1998 were 
compared to soil populations of P. thornei.  The crop in each paddock for the last two years was 
assigned a resistance ranking and soil populations analysed using residual maximum likelihood 
(REML).  Despite considerable random variation, the resistance of crops over the previous two years had 
a significant effect on the soil population of RLN (Table 2). 
Table 2. Effect of crop sequence on the population of Pratylenchus thornei in soil, Victoria 1998 
Crop history 
Predicted soil population 
(no./g dry soil, pre-season 1998) 
1996 1997 Square root transformed Detransformed 
R R 1.01 1.0 
MR R 1.10 1.2 
S R 1.47 2.2 
S MR 1.82 3.3 
MR MR 2.03 4.1 
R MR 2.42 5.9 
S S 2.56 6.6 
MR S 2.77 7.7 
Avg lsd 5% 1.02  
Resistance of Western Australian cultivars is being evaluated in field locations infested with RLN.  
Initial evaluation of root infestation has been undertaken.  Further evaluation of change in soil 
population after cultivation of different cultivars will assist evaluation of resistance.  At Dumbleyung 
yield was evaluated for 24 cereal cultivars grown with and without nematicide in a crop variety trial 
at a P. neglectus infested site.  Nematicide achieved only partial nematode control.  All varieties 
responded similarly to nematicide.  Refinements to experimental technique may be required in 
varietal evaluation in the field work. 
At Doodlakine roots infested with P. neglectus were assessed from a collaborative variety trial with 
Kellerberin Top Crop Group.  Assessments of final soil populations were not available at the time of 
reporting.  Root extracted nematode numbers were observed to vary among varieties at a 
significance level of 0.05 < P < 0.1.  The results are in general agreement with preliminary glasshouse 
tests of some of these lines conducted in South Australia in 1998.  In both tests Amery, Ajana, 
Cunderdin and Machete developed high root populations while Cascades, Nyabing, Perenjori, 
developed lower root populations. 
Yield response in two experiments in which a nematicide was used to reduce RLN populations was 
5 per cent.  At a further two locations yield following use of nematicide on a susceptible wheat 
variety was not significantly different, due in part to poor nematode control. 
CEREAL CYST NEMATODE 
CCN (Heterodera avenae) is a major pathogen of cereals in south eastern Australia but remains rare 
in Western Australia.  Recent cereal nematode surveys (1997-98) evaluated soil samples from over 
300 cereal paddocks for presence of CCN.  The parasite was not detected from random paddocks but 
could be detected at sites with a known history of the disease. 
Two occurrences were reported in 1999.  One of these was in the Avon Valley, a district previously 
recognised as having infestations.  The second, in the Esperance area, constitutes the first report of 
this parasite from southern agricultural areas of Western Australia. 
Near York CCN infestation was severe in wheat following cereal and much less severe in wheat 
following two years pasture.  Poor crop performance in terms of weed competition and yield was 
associated with severe infestations (W. Roy, pers. comm.). 
Collaborative tests conducted in South Australia over the last two years have confirmed CCN 
resistance in the feed barley variety Doolup, released in 1998.  The level of resistance in Doolup was 
comparable with that of Galleon, a resistant variety in South Australia.  Doolup is a useful cereal 
option for reducing CCN. 
GRDC Project No.: DAW623 
Small Grain Screenings in wheat - the agronomic 
issues 
Brenda Shackley, Agriculture Western Australia, Katanning 
KEY MESSAGE 
• Variety had the largest influence on small grain screenings in the experiments.  The occurrence 
of screenings was minimal where yield performance of the variety was optimised.  Varieties 
with the largest inherent seed size had the least problems with screenings. 
• Where crop management was otherwise optimal, high seeding rates or high nitrogen rates 
had little effect on the amount of screenings in wheat.  
• Results from 1997 to 1999 suggest that the optimum plant densities to maximise yield of 
Arrino, Carnamah, Cunderdin and Brookton was lower than Spear.   
BACKGROUND 
The problem of small grain screenings has been associated with management, growing conditions, 
varieties and the interactions between these factors.  Over the last few years there have been a 
number of reports of high screenings associated with a single factor such as high seeding rates, 
nitrogen or certain varieties.  In order to improve grain quality and improve profits, this project has 
examined appropriate combinations of variety, soil type and management to minimise downgrading 
due to excessive screenings. 
METHOD 
Between 1997 and 1999, experiments were conducted at Katanning, Nyabing, Gnowangerup, 
Newdegate Research Station, Lake Varley and Mt Madden.  The trials examined current varieties and 
promising crossbreds and their grain yield and grain quality response to plant density, time of sowing, 
nitrogen rates on a range of soil types, rotations and rainfall. 
RESULTS 
Figure 1. Influence of plant population and variety on whole grain screenings (%, 2 mm), Woodanilling, 
1999.  Difference between plant density not significant and variety significant at the 5% level. 
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Although the achieved plant densities were not extremely high in 1997 and in some of the trials in 
1998, there were some interesting trends in the data.  Many of the more recently released varieties, 
i.e. Arrino, Carnamah, Cunderdin and Brookton, had an optimum plant density of approximately 
100 plants/m2 (seed rate of 45-50 kg/ha).  In comparison the check variety Spear and Westonia (data 
from 1999) had a slightly higher optimum plant density.  For most of the varieties, grain yields did 
not increase or decrease significantly up to plant densities of over 220 plants/m2.  Results from 1995 
to 1997 show the yield of Cascades decreased over approximately 110 plants/m2.  However, in 1999 
the yield of Cascades peaked at 160 plants/m2 (Woodanilling).  The yield component and tillering 
data will be examined closely to identify the reason behind Cascades variable optimum plant 
density. 
There has been a common perception amongst wheat growers that high plant densities will increase 
the amount of small grain screenings.  Data from a range of sites and seasons show that increasing 
plant density was far less important as a cause of small grains than other site factors (i.e. rainfall and 
potassium deficiency).  The influence of variety is very significant however, as varieties with 
inherently smaller grain size such as Cunderdin, Tincurrin and Cadoux are more prone to excessive 
small grains at any plant density (e.g. Karlgarin in Figure 1).  Grain shape and maturity, as well as 
grain size of the variety, also influence screenings.  Arrino and Cadoux are similar in grain weight but 
under similar conditions Arrino has consistently less screenings than Cadoux.  This is believed to be a 
function of grain shape.  
Besides low rainfall during grain filling, the most likely causes of small grain screenings are suggested 
to be root diseases, low potassium levels or the high nitrogen supply built up following a long 
legume pasture phase (Anderson and Sawkins 1997).  Figure 2 illustrates that high nitrogen rates 
alone are rarely the cause of excessive screenings.  Residual nitrogen was not a problem at this 
pasture site (organic carbon less than 1%). 
Figure 2. Influence of nitrogen rate on whole grain screenings (%, 2 mm) in Spear wheat following 
either canola or pasture with significantly different soil potassium levels. Gnowangerup, 
1997. 
To minimise the occurrence of screenings growers should optimise yield performance of each variety 
i.e. sow at the appropriate time, aim for 100 plants/m2 or higher, and fertilise for maximum yield.  
Avoiding varieties that have been identified as being more prone to excessive screenings and opting 
for larger-seeded varieties should be a major part of the strategy. 
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Paper reviewed by: Wal Anderson 
Response of New Wheat Varieties to Seed Rate and 
Applied Nitrogen in the North 
Darshan Sharma and Wal Anderson, Agriculture Western Australia 
KEY MESSAGE 
• Arrino and Karlgarin had higher optimum plant populations while Westonia and Ajana reached 
the optimum at relatively lower populations. 
• Carnamah did not require high seed rate in low yielding environment.  
• Black point increased and screenings decreased with increased plant population. 
• Carnamah was the most responsive variety to applied nitrogen for yield and protein. 
• Arrino with higher applied nitrogen, was at higher risk of exceeding the ASWN protein limit but 
Calingiri was more flexible in this regard. 
AIMS 
Seed and nitrogen fertiliser rates are two important inputs that affect grain yield, grain quality and 
profitability in wheat production.  The aim of the work reported here was to test for differences in the 
response of new varieties to nitrogen and seed rates. 
METHOD 
Wheat varieties released from 1997 onwards for the Northern Wheat Belt of Western Australia were 
grown at Morawa and Yuna at five levels of each of  seed rate and applied nitrogen.  The trials were 
sown on medium, sandy loam soil at Morawa and Yellow Sand Plain at Yuna.  Seed rates were 
adjusted on the basis of expected establishment (80% assumed for 50 - 150 plants/m2 and 70% for 
higher densities), and average seed weight to achieve Target Plant Populations (TPP) of 50, 100, 
150, 200 and 250 plants/m2.  Nitrogen rates of 0, 30, 60, 90 and 120 kg/ha were used.  The ‘optimum’ 
seed rate was calculated as the point at which 2.5 kg grain was produced for each extra plant/m2.  For 
nitrogen rate the ‘optimum’ was taken as the point where 5 kg grain was produced per kg applied 
nitrogen.  The data were assessed by spatial statistical analysis. 
RESULTS 
Seed rate 
The number of plants established at Morawa was close to the target but fell quite short of the target at 
TPP > 50 at Yuna at all TPP.  Small varietal differences for establishment were evident only under 
favourable establishment conditions of Morawa.  
Plant density establishment
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Average grain yield at Yuna was lower (2.5 t/ha) than Morawa (3.2 t/ha) and the optimum 
populations were less as might be expected (see table).  However, some differences were apparent 
between the varieties. 
Optimum plant densities$ (Extrapolated values using best fit): 
 Arrino Calingiri Carnamah Brookton Westonia Karlgarin Ajana 
Morawa 106 89 107 83 81 124 73 
Yuna 110* 81 49 69 56 87 70 
$ Varieties appear to respond differently to plant density in the south (see Brenda Shackley’s paper in this book:  Small 
grain screenings-the agronomic issue). 
* More than highest plant density for this variety achieved in this trial. 
Arrino and Karlgarin required the highest populations to reach their maximum grain yields, Brookton 
and Calingiri were intermediate but Ajana and Westonia required relatively fewer plants to reach 
their maximum yield at both sites.  Carnamah responded to increased plant density at the high 
yielding site at Morawa but fewer plants were enough at the low yielding site (Yuna). 
Grain protein levels were only marginally influenced by seed rates.  Black point, in general, increased 
with increasing plant density.  Hectolitre weight of varieties was not specifically affected by plant 
density and there were lower screenings at higher seed rates.  
Applied nitrogen 
Both grain yield and grain protein was increased by applied nitrogen.  Grain yield increase per 
kilogram of applied nitrogen was more than 5 kg for all varieties at all nitrogen levels.  Carnamah was 
the most responsive cultivar for yield and protein. 
In the relatively lower yielding trial at Yuna, Arrino exceeded 11.5% protein with Nitrogen at 90 
kg/ha and above.  Carnamah achieved higher protein % than Brookton at all nitrogen levels.  In the 
higher yielding trial at Morawa, Carnamah, Westonia and Karlgarin required higher N rates to 
achieve their target grades (AH or APW). 
Nitrogen levels that generated maximum (up to $15 considered insignificant) gross income 
(AWB rates 1999) were: 
  Arrino Calingiri Carnamah Brookton Westonia Karlgarin Ajana 
Morawa Nitrogen* 90 90 90 120 120 120 120 
 Gross Income 973 994 808 821 1023 789 811 
Yuna Nitrogen* 30 60 120 120 90 60 120 
 Gross Income 430 478 623 583 531 516 544 
Black point, in general, decreased with increasing nitrogen, especially for Carnamah.  Screenings, in 
general, decreased up to 60 kg/ha and then increased, especially in  Karlgarin and Brookton.  
Hectolitre weight was not consistently affected by nitrogen application and all weights were above 
80 kg/hl. 
CONCLUSION 
The varieties differed in their responses to seed rate and nitrogen levels.  Westonia required fewer 
plants to achieve its maximum grain yield than the other varieties.  Small grain screenings were not 
increased by increasing seed rates.  The noodle varieties Arrino and Calingiri had lower economic 
optimum nitrogen rates than Brookton or Ajana at both sites. 
KEY WORDS 
wheat agronomy, new varieties, management 
ACKNOWLEDGEMENT 
Sheena Lyon , Avon Warr, John Barrett, Steve Cosh and his team, Mike Jones, CVT group.  
GRDC Project No.: DAW563 
Paper reviewed by: Wal Anderson 
Seed vigour in wheat 
Darshan Sharma and Wal Anderson, Agriculture Western Australia 
KEY MESSAGE 
• Grain affected with frost and black point should be avoided for seed use. 
• Smaller sized seeds may produce a less vigorous crop. 
• Germination percentage and field emergence declined with length of storage. 
AIMS 
The aim of these experiments was to investigate the effect of some common seed abnormalities on 
germination vigour in germination cabinets. 
METHOD 
Contrasts (3-4 replicates) were made between ‘normal’ seed and:  (1) frost affected seed (seed taken 
from upper and lower positions in a landscape within a paddock), (2) black point (four levels ranging 
from no apparent stain to highly stained grain from the same experimental plot), (3) small seed size 
(normal and < 2 mm wide separated from the same experimental plot), and (4) stored seed (samples 
drawn from silos in Jan and May).  The tests were conducted in a germination cabinet maintained at 
uniform temperature of 14C.  The storage contrast was tested in an artificially compacted sandy-
loam soil as well.  Since there is no set rule for evaluating seed vigour, a number of parameters 
(shown in each table below) was recorded in each experiment.  
RESULTS  
The results are summarised in the tables and figures below. 
Comparisons of vigour parameters for seeds from frosted and less frosted areas from Lake King and 
Pingaring in 1998.  Measurements taken after 17 days. 
Parameter Variety Location Frosted Less Frosted 
Coleoptile Length  Machete Lake King 4.2 4.3 
 Spear Pingaringdd 4.0 4.8 
   LSD 0.3 
Seedling Dry Weight (mg) Machete Lake King 5.1 6.3 
 Spear Pingaring 6.4 7.6 
    Lsd 0.6 
Shoot Length Machete Lake King 8.8 10.2 
 Spear Pingaring 9.5 11.3 
    LSD 0.5 
Effect of Black Point on germination parameters. 
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Effect of seed size on germination parameters. 
Parameter Normal Screenings F pr. 
Coleoptile Length 4.17 3.27 <.001 
Seedling Dry Weight 6.14 3.8 <.001 
Shoot Length 8.31 7.31 0.04 
Effect of storage time on laboratory germination and field emergence.  
 Jan 1999^ May 1999^ F pr. 
% Germination 93.7 88.7 0.003 
% Field Emergence* 86.7 77.3 0.054 
* Penetrometer 0.4-0.6 kg/cm2. 
The data indicate loss of viability and field emergence upon storage.  Mean shoot length at 15C 
after the 8th day of sowing was 8.1 cm for January samples and 7.6 cm for May sample. 
CONCLUSION 
Seed affected by Black Point or frost is likely to result in poor seedling vigour in crops if used for 
sowing.  Small seeds screened from grain are also likely to result in poorer seedlings the following 
year.  Seed vigour is reduced during storage, even over a five-month period.  Further research is 
needed to examine the effect of variable storage conditions on seed vigour. 
KEY WORDS 
wheat, seed vigour 
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Paper reviewed by: Wal Anderson 
Influence of the Time of Sowing on New Wheat 
Varieties in the North 
Darshan Sharma and Wal Anderson, Agriculture Western Australia 
KEY MESSAGE 
• Carnamah and Brookton yielded well at all sowing times and were the most ‘trouble-free’ 
varieties in our trials in the Northern Wheat Belt. 
• Karlgarin had good yields at early sowings but unacceptable screenings. 
• Westonia yielded well at all sowing times but was more susceptible to Black Point at early 
sowings. 
• Calingiri out-yielded Arrino except at later sowings. 
AIMS 
The response of grain yield and quality to sowing time is critical information that assists growers in the 
adoption of new varieties of wheat.  Grain yield generally decreases with the length of growing season 
but the extent of the trend is highly variety specific and may also affect grain quality.  Matching the 
variety to the seeding date can make a significant contribution to realising net income from the 
season.  The aim of the experiments reported here is to describe the yield and quality responses of 
new wheat varieties to sowing time.  
METHOD 
Wheat varieties released from 1997 onwards for the Northern Wheat Belt of Western Australia were 
grown at Yuna in 1999, Morawa in 1998 and 99 and Mingenew in 1998.  Each trial had three times of 
sowing.  The first sowing was at or near the break (around mid-May) and then at intervals of 2-3 
weeks.  Data on grain yield, grain protein, black point, screening and hectolitre weight were recorded.  
The data were pooled appropriately and trends were determined.  
RESULTS 
Grain Yield (Figure 1):  All new AH/APW varieties yielded similarly at mid-May sowing except for 
Ajana.  The differences between varieties widened by early-June with Karlgarin suffering the most 
severe decline.  The yields of Westonia, Carnamah and Brookton responded similarly to sowing time.  
The poor yields of Ajana at all sowing times is notable given that it is a short season variety that 
should have yielded relatively better at the later sowings. 
Figure 1. Grain yield response of new wheat varieties to sowing date in the Northern Wheat belt.  NB:  
Data are from three sites x seasons.  Noodle varieties are plotted on a separate scale. 
Figure1
2.2
2.7
3.2
3.7
Mid-May Early-June Mid-June Late-June
Time of Sowing 
2.1
2.8
3.5
4.2
Carnamah
Brookton
Westonia
Karlgarin
Ajana
Arrino
Calingiri
Of the new noodle wheat varieties (ASWN), Calingiri was superior to Arrino at all sowing times.  
However, the differences were less by the late-June sowing indicating that late sowing of Calingiri 
under harsh finishing conditions can cause significant losses.  
Grain Protein:  Grain protein increased with delayed sowing but in economic terms it didn’t 
compensate for the yield loss.  Both Arrino and Calingiri hit the protein window (9.5–11.5%) at all 
times (Table 1).  All of the AH/APW varieties had grain protein less than the level appropriate to their 
grade.  This was probably a function of the seasons and rotations rather than the varieties. 
Table 1. Grain quality and receival standards of new wheat varieties at different times of sowing 
 Grain Protein (%) Black Point (%) Screenings (%)* 
 
Mid-May 
Early-June 
Mid-June Mid-May 
Early-June 
Mid-June 
Sus^ TOS 
TOS2 
Other TOS 
AH/APW Varieties (Data pooled from 1998 and 1999 trials at Morawa) 
Carnamah 8.7 8.9 10.0 3.8 0.8 0.1 6.2 2.9 3.7 
Brookton 7.9 8.3 9.1 1.7 0.6 0.3 4.4 2.7 3.4 
Westonia 9.2 9.0 9.5 7.9 1.0 0.5 3.6 4.3 3.7 
Karlgarin 8.1 8.6 9.5 2.8 0.8 0.6 9.4 4.2 5.6 
Ajana 8.7 9.0 9.7 2.6 0.3 0.4 3.8 2.5 2.6 
AH/APW Varieties (Data pooled from 1999 trial at Yuna and 1998 trial at Mingenew) 
Arrino 10.8 10.8 10.4 12.5 11.3 8.1 2.1 0.9 1.5 
Calingiri 10.0 10.7 10.9 9.2 11.0 4.4 1.9 1.2 1.3 
* Includes broken grains. 
^ Sus:  More susceptible of the TOS1 and TOS3. 
Receival standards:  Black point generally decreased with later sowing except in Calingiri which was 
less predictable.  Westonia and Arrino were the worst varieties for staining at the early sowing but 
Westonia was much less affected at later sowing times.  Screenings increased with delay in time of 
sowing in most experiments but the averages were distorted by high figures at the earliest time of 
sowing in 1998.  The tendency for high screenings was significantly greater for Karlgarin.  All varieties 
had hectolitre weights above 80 kg/hl at all times and sites.  
CONCLUSION 
There are considerable differences between wheat varieties in the rate at which they lose grain yield 
after their optimum sowing time.  Karlgarin should not be sown after mid-May in the Northern Wheat 
Belt but Westonia, Brookton and Carnamah yielded similarly at all sowing times. 
There was a tendency for Karlgarin to produce higher levels of small grain screenings overall and for 
Westonia and Arrino to be worst for Black Point, especially at the earliest sowing time. 
KEY WORDS 
wheat agronomy, new varieties, management 
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Wheat performance in a high disease season on the 
South Coast.  1. Disease and grain quality on the 
Esperance sandplain 
Mohammad Amjad1, Vanessa Dooley1 and Wal Anderson2 
Agriculture Western Australia 
1 Esperance 
2 Northam 
KEY MESSAGE 
• Based on the results of 1999, the South Coast wheat growers may consider Camm as one of 
the best options for 2000 in addition to Stiletto, Cascades, and Carnamah on the sandplain 
soils.   
• Weather and climatic conditions and high foliar diseases have generally reduced yield and 
particularly downgraded quality of the premium paying wheat varieties such as Brookton, 
Cunderdin and Westonia on the Esperance sandplain. 
• Selecting two or three varieties with varying maturity, disease resistance, and quality 
characteristics may reduce weather and climatic risks and provide the best return in 2000. 
BACKGROUND AND AIMS 
The South Coast environment is considerably different from the more traditional grain growing areas 
of the Western Region.  The season is longer, with a greater component of summer rainfall and mild 
winter temperatures, giving rise to greater problems of grain sprouting and staining, and diseases 
such as the rusts and septorias.  The research undertaken has sought to improve the amount and 
quality of variety-specific information available to South Coast cereal growers.  During 1999, 
experiments were conducted to study the effect of weather and climatic conditions on yield and quality 
of a range of premium paying varieties.  
METHOD 
Sowings were made on three occasions from mid May to mid June on six sites in the Esperance and 
Lakes regions.  These trials were carried out in a range of soils, rainfall zones and rotations (including 
canola, lupins, peas and pastures).  There were 10 premium paying varieties including Brookton, BT 
Schomburgk, Camm, Carnamah, Cunderdin, Cascades, Karlgarin, Perenjori, Stiletto and Westonia.  
Wheat was sown at 75 kg/ha with DAPSZC + IMPACT at 83 kg/ha drilled on 240 mm row spacing 
using narrow points followed by press wheels.  Experiments were monitored for growth assessment, 
disease ranking, yield and quality.  No foliar sprays were applied during the growing season.  Spatial 
statistical analyses were conducted on plant growth, yield and quality data.  Foliar diseases such as 
leaf rust, stem rust and septoria were assessed at Zadock’s 71-75 after anthesis (flowering). 
RESULTS 
Only one typical site, at Gibson, will be discussed in this paper.  The soil pH (1:5 CaCl2) on the 
Esperance sandplain, Gibson) was 4.7.  The soil organic carbon status was 1.65%. 
Results on yield and quality performance of 10 premium paying varieties on the sandplain soils are 
presented in Table 1.  Plant population averaged about 150 plants/m2 and although there were small 
differences between the varieties they were not sufficient to affect the results.  The total rainfall for 
the year was 741 mm with 332 mm in the growing season (May-Oct.).  Wet weather and mild 
temperature during harvesting in the months of November and December affected the quality of 
grains.  These months received 26 and 56 mm rainfall and the mean monthly temperatures were 
16.5 and 17.6 degrees Celsius respectively. 
Table 1. Wheat yield, disease and grain quality at Gibson, 1999 
Variety 
Leaf area 
diseased 
(F, F-1 & F-2)*, 
% 
Yield 
(t/ha) Grain 
protein 
%  
Test  
weight 
kg/hl 
Grain 
sprouted 
% 
Grain 
Stained  
% 
Brookton 48 1.78 8.6 74 7.1 11.8 
Bt. Schmbrk 78 1.22 9.7 75 0.1 5.9 
Camm 35 2.56 9.4 76 0.3 6.5 
Carnamah 56 1.75 9.4 76 1.8 7.5 
Cascades 73 1.76 9.5 75 0.7 6.7 
Cunderdin 65 1.81 9.3 77 3.3 9.9 
Karlgarin 80 2.02 9 76 0.1 5.8 
Perenjori 63 1.47 10.2 69 0.1 6.3 
Stiletto 62 2.23 9 75 0.1 6 
Westonia 42 1.6 9.6 76 2.8 13.2 
SED - 0.31 0.1 0.6 1.1 1.3 
F = flag leaf, F-1 is second leaf, etc. 
DISCUSSION 
It is important to stress that the above results contain data from only one year (average of three times 
of sowing) on an Esperance sandplain site.  Data on varietal performance for yield and quality on the 
Esperance Mallee soils and Lakes soils are being analysed and will be reported separately. 
Weather and diseases have greatly affected the performance of the premium-paying varieties on the 
South Coast on the sandplain in 1999.  Camm, the triple rust resistant variety, has performed 
extremely well both for yield (2.56 t/ha) and quality (9.4% protein, 0.3% sprouting and 6.5% fungal 
staining including black point) in a high disease and wet season.  Stiletto, Karlgarin, Carnamah and 
cascades performed reasonably well in spite of heavy leaf diseases at anthesis.  Perenjori yielded less 
(1.47 t/ha) but gave good quality performance with highest protein (10.2%).  Quality issues such as 
grain sprouting and staining have greatly downgraded some of the high yielding varieties.  Brookton, 
Cunderdin and Westonia yielded well but have been downgraded because of sprouting (low falling 
number) and fungal staining.  Westonia also yielded less due to stem rust late in the season  
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Wheat performance in a high disease season on the 
South Coast.  2. Leaf area, disease and yield at 
Gibson and salmon gums 
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2 Northam 
KEY MESSAGE 
• A strong interaction existed between leaf area index, foliar diseases and yield of Camm, 
Carnamah, Cascades and Westonia on the Esperance Sandplain (high rainfall) and Mallee soils 
(low rainfall).  Foliar diseases generally reduced the leaf area index and yield.  This effect was 
particularly more devastating on the Esperance Sandplain than Mallee soils.   
• Camm yielded extremely well and had the highest leaf area index and also least effected by foliar 
diseases in both environments.  Camm features good resistance to all rusts and seems to be the 
most robust option for the South Coast. 
• Carnamah and Cascades performed better on Mallee than Sandplain mainly due to higher leaf 
area index and less leaf diseases.  Westonia yielded the highest on Mallee but yielded the least 
on Sandplain.  This reduction in yield for Westonia was due to stem rust late in the season.  
• Westonia was higher yielding but susceptible to stem rust and could be risky, particularly in high 
rainfall areas.  Carnamah is a second best option on Mallee soil compared to Cascades, but the 
reverse was true at the Sandplain site. 
BACKGROUND AND AIMS 
The research undertaken has sought to improve the amount and quality of variety-specific information 
available to South Coast cereal growers.  
METHOD 
The wheat cultivars Camm, Carnamah, Cascades and Westonia were investigated for their suitability 
on the South Coast as a part of a wheat agronomy project in 1999.  The experimental sites were on 
the Esperance sandplain soils (Esperance Downs, Gibson, high rainfall, > 450 mm) and the 
Esperance Mallee soils (Salmon Gums, low rainfall, < 330 mm).  Wheat cultivars were sown three 
times from mid May to mid June at 75 kg/ha and 50 kg/ha respectively on 240 mm row spacing using 
narrow points and press wheels. 
Experiments were monitored for growth, green leaf area and diseases throughout the growing 
season.  Crop growth, dry matter production and leaf area including green leaf, dead leaf and stem 
were measured at 25, 50, 75, 100 and 125 days after sowing (DAS).  No foliar sprays were applied 
during the growing season to compare the performance of these new cultivars in a high disease 
season.  Foliar diseases such as leaf rust, stem rust and septoria were assessed at Zadock’s 71-75 
after anthesis (flowering).  
RESULTS AND DISCUSSION 
The growing season rainfall (May-October) was 332 mm at Gibson and 205 mm at Salmon Gums.  
Rainfall was spread comparatively evenly with a dry period in June at Salmon Gums.  Plant density 
was in the range of 150 plants/m2 at Gibson and 100 plants/m2 at Salmon Gums. 
Green leaf area.  The maximum leaf area index (LAI) of Camm was greatest at both sites and it was 
reached later in the season (see Table).  This was probably the result of its later maturity and 
superior disease resistance.  
Leaf area development of four wheat varieties at Gibson and salmon Gums in 1999 
 Camm Carnamah Cascades Westonia 
Gibson     
Max. LAI 1.6 1.3 1.25 1.2 
Days to max. LAI  90 80 80 80 
Salmon Gums     
Max. LAI 2.4 2.1 2.2 1.7 
Days to max. LAI 100 80 80 85 
After anthesis, the foliar diseases such as rusts and septorias were prominent and greatly reduced 
the green leaf area index particularly of the top three leaves.  The average area of the top three 
leaves that was diseased was compared with the grain yield and the accumulated leaf area index of 
the growing season (see Figure). 
Foliar diseases generally reduced the leaf area index and resulted in lower yield.  This effect was 
particularly more devastating on the Esperance sandplain (high rainfall) than Mallee soils (low 
rainfall).  Camm had the highest leaf area index, and was least affected by foliar diseases (35%) in 
both environments.  
Cumulative leaf area, area diseased and grain yield at Gibson (left) and Salmon Gums (right). 
Carnamah outyielded Cascades on the Mallee site but not on the Sandplain site mainly due to higher 
leaf area index and less leaf diseases at Salmon Gums.  In a high disease season, Carnamah was the 
second best after Camm and could be considered a better alternative to Cascades on Mallee soils.  
There was no difference in yield and quality of Carnamah and Cascades on sandplain soils.  Both 
yielded 1.75 t/ha despite different disease levels (56 and 73%) and leaf areas (LAI of 3.54 and 3.12 
respectively).  Westonia yielded most at Salmon Gums but was the lowest yielder at Gibson.  
Westonia was found susceptible to stem rust during 1999 and could be a risky option for 2000, 
particularly in high rainfall areas. 
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Agronomic Evaluation of Wheat in the Central 
Wheatbelt of Western Australia 
Peter Burgess and Ashley Bacon, Agritech Crop Research 
KEY MESSAGE 
Agritech Crop Research has been evaluating cereal varieties under a range of agronomic conditions 
for a number of years.  From 1997 the medium and high rainfall cereal variety trials have been 
evaluated under a regime of plus and minus foliar disease control.  
Many Western Australian and some Eastern states bred wheat varieties often show significant, 
economic yield responses to timely application of a foliar fungicide for the control of a complex of 
Leaf Rust (Puccinia recondita) and Septoria nodorum. 
PROJECT AIMS 
1. To evaluate the agronomic performance of released and soon to be released wheat varieties 
under best practice management systems. 
2. To provide growers with management packages that will aid in improvements in grain quality 
for end users and to make recommendations to growers based on profitability. 
3. To identify and evaluate key areas where more detailed agronomic studies are required to 
generate specific data for management packages 
METHOD 
Each year 25 varieties were selected and trialed at a low, medium and high rainfall site in the central 
wheatbelt.  The wheats selected are soon to be released or currently grown in Western Australia and 
the Eastern States varieties.  The trials involve two times of sowing (T1 early-mid May, T2 early June) 
following a range of district practice rotations.  Soil tests were conducted at the sites prior to crop 
establishment and district practice nutrition applied at seeding and during the growing season.  Each 
sowing time, (with particular attention to T1), has been evaluated under a plus and minus fungicide 
regime to determine the effect on yield and quality.  A range of varieties was analysed by Agriculture 
Western Australia Plant Laboratories to determine the disease complex present prior to the 
application of the fungicide.  The target application timing of the fungicide is Z39, however this can be 
plus or minus this growth stage due to the single application timing of the fungicide over varieties with 
a range of maturities.  The yield and quality data is further analysed on a gross margin basis to 
determine the economics of the exercise and the profitability of the varieties. 
Site details:  T1 Bolgart, M. and B. Clarke, 1999 
Sown 18/5/99 
Method Conventional 7” row spacing 
Soil Type York gum grey sandy loam 
Seed Rate 75 kg/ha 
Fertiliser Agras No. 1 75 kg/ha 
Urea 100 kg/ha 4WAS 
Rotation 96 Pasture, 97 Wheat, 98 Lupin, 99 Wheat 
Rainfall 1999 599.5 mm 
pH 4.7 
P 28 mg/kg 
K 94 mg/kg 
S 24 mg/kg 
OC 1.2% 
Reactive Iron 323 mg/kg 
Harvest Cut, Paddock Calingiri, 5.2 t/ha 
Fungicide 26/8/99 Folicur 145 ml/ha + BS1000 0.2% 
This site was established mid May on a lupin stubble.  The crop germinated and showed excellent 
vigour.  At the three-leaf stage of T1 the site suffered significant transient water logging.  Leaf rust 
was relatively easy to detect at Z15-16.  The leaf rust soon became the dominant disease, 
particularly on susceptible varieties.  At the time of fungicide application there was no visible 
evidence of rust on the Flag leaf.  Varieties such as Brookton Calingiri Carnamah and Westonia were 
relatively clean down as far as Flag –2.  On varieties with a Leaf rust rating of MR the fungicide 
significantly reduced the development of the disease and combined with the inherent plant 
resistance maintained significantly greater green leaf area for a longer period of time.  The plants 
were able to capitalise on the late finish to the season.  By October, there was a significant visual 
difference between the photosynthetic area on the sprayed vs unsprayed on these varieties.  Leaf 
rust pustules were present in high numbers on the flag leaf, with all leaves below the flag 100% 
necrotic.  The flag leaf, stem, head and awns was the only photosynthetic area remaining.  Varieties 
with a triple 8 rust rating maintained a significantly higher photosynthetic leaf area into October and 
the visible differences between sprayed and unsprayed were not as dramatic. 
On susceptible varieties the leaf rust was infecting each new leaf soon after it emerged.  The 
application of a foliar fungicide significantly reduced the rate of leaf rust infection and maintained a 
greater photo synthetic leaf area compared to the unsprayed.  Without assistance from inherent leaf 
rust resistance these varieties were totally reliant on the fungicide for protection.  The leaves, 
including the flag leaf, were totally necrotic by the end of September on the sprayed plots, with the 
unsprayed plots dying out one to two weeks earlier.  The leaf rust was far more damaging on these 
varieties. 
Table 1. Variety Response to Fungicide application, M and B Clarke, Bolgart 1999 
Variety Fungicide Yield (kg/ha) 
Gross Income 
($/ha) 
Ajana Yes 4.178 $729.40 
Ajana No 2.917 $515.08 
Amery Yes 3.762 $688.75 
Amery No 2.593 $477.32 
Arrino Yes 4.144 $795.98 
Arrino No 3.132 $552.07 
Brookton Yes 5.625 $920.14 
Brookton No 4.919 $807.11 
Calingiri Yes 4.352 $840.28 
Calingiri No 3.924 $755.68 
Camm Yes 4.294 $756.09 
Camm No 4.306 $786.19 
Carnamah Yes 5.116 $936.64 
Carnamah No 4.363 $774.78 
Cunderdin Yes 5.15 $855.31 
Cunderdin No 4.606 $769.57 
Machete Yes 3.947 $728.54 
Machete No 2.87 $531.18 
RAC 873 Yes 4.387 $798.78 
RAC 873 No 4.329 $799.05 
Stiletto Yes 4.201 $711.26 
Stiletto No 3.495 $603.80 
Westonia Yes 5.382 $971.88 
Westonia No 4.456 $737.82 
NB: Gross Income does not include cost of fungicide application (~ $23/ha). 
CONCLUSION 
Leaf rust has been here at significant levels  since 1992.  It is not difficult to achieve economic yield 
responses from the application of a foliar applied fungicide on many Western Australian bred wheat 
varieties.  The rule still applies when deciding on a foliar fungicide.  Spray at Z39 or as close as 
possible and apply a single application of the label rate of a broad spectrum fungicide. 
A broad spectrum fungicide is recommended due to the fact that the removal of one disease will 
allow the domination of another.  The two diseases that can significantly reduce yield when 
occurring at the same time is leaf rust and Septoria nodorum.  Remove one and the other will 
dominate if there is a lack of inherent resistance.  
With continuing pressure from leaf rust and other leaf  diseases, it should be a very high priority for 
Wheat breeders to select for Rust resistance in our varieties and where possible combine other leaf 
disease resistance traits.  Easier said than done!  
Further information:  Agritech Website. http://agritech.com.au 
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Mechanisms influencing grain susceptibility to black 
point in wheat 
Frances Hoyle, University of Western Australia and Agriculture Western Australia 
KEY MESSAGE 
The strong relationship between kernel weight and black point incidence, indicates the possibility of 
breeding for a tolerant variety with plant type adaptations capable of coping with large changes in 
kernel weight.  Kernel size and position influences the incidence of black point, black point incidence 
increasing where kernel development is most rapid, resulting in larger kernels. 
BACKGROUND 
There appear to be several factors influencing the incidence of black point in wheat kernels, many of 
these are related to the timing and development of grain growth.  Data presented here, as in many 
previous studies, has failed to rule out the influence of fungi on the occurrence of black point.  They 
instead highlight the possible influence external factors can have on the appearance of symptoms, 
indicating a close link with environmental conditions. 
AIM 
The hypothesis to be tested in this experiment is that increasing kernel size will result in a higher 
incidence of black point.  The influence of kernel position in the head and on the plant, on kernel size 
and on black point incidence was explored. 
METHOD 
Northampton is located in the northern agricultural region of Western Australia.  Annual rainfall 
averages 432 mm (1960-1990), whilst growing season rainfall (GSR) from April to October is 
approximately 382 mm.  The trial site is in close proximity to the coast and experiences frequent 
rainfall events and high humidity during the winter months.  Average relative humidity at 9 am is 
approximately 50 per cent.  Trials were sown as randomised complete block designs on a red sandy 
clay loam.  Treatments were cultivars and sowing times. 
Sampling 
Plots were hand sampled, a total of five plant samples per plot taken for each treatment, each 
treatment having three replications.  Head length, number of florets, spikelet number, incidence of 
‘clean’ and discoloured kernels and kernel weight were recorded against the position of the kernel 
within the head and spikelet.  
Analyses 
Logistic regression was used to investigate the incidence of black point, using a range of explanatory 
variables.  The relationship between kernel weight and black point was investigated. 
Results 
The regression of weight of grain with black point against the explanatory variables (variety, black 
point %, spikelet number, weight of clean kernel, weight of affected kernel) was significant, accounting 
for just under half the total variation (48.7 per cent).  The estimate of the effect of weight of kernel 
without black point (CleanWgt, 0.5578) indicates that the average weight of kernel with black point is 
higher than without black point.  This is confirmed by the t-tests of the differences between the kernel 
with and without black point (see Table 1). 
Table 1. Summary of significance of kernel weight with and without black point, for all varieties and 
stem types and all of the data 
 Mean kernel weight (mg) Significance of 
 With Black Point Without Black Point Difference 
ALL DATA 38 34 < 0.001 
Variety    
Calingiri 37 34 0.004 
Cunderdin 34 33 0.203 
Eradu 38 35 0.006 
Gutha 40 33 < 0.001 
Stem    
Main 39 34 < 0.001 
Tiller 1 39 34 < 0.001 
Tiller 2 36 33 0.001 
Tiller 3 37 34 0.097 
The main stem and primary tillers have a higher incidence of black point than later forming tillers 
(Table 2).  There are no significant differences between the main stem and earlier tillers in black 
point incidence, due to a narrow window for maturity and little differentiation in kernel 
development.  Wider differences are associated with later secondary tillers and noticeable 
differences in maturity are apparent, particularly where late rains are experienced.  
Table 2. Black point incidence in different tillers of four cultivars tested in 1997 at Northampton 
Tiller position Incidence of black point 
Main stem 0.67 
Tiller 1 0.67 
Tiller 2 0.28 
Tiller 3 0.10 
Significantly lower levels of black point were observed in middle florets (F3 and F4), where kernels is 
normally smaller (Table 3).  Outer florets with a higher incidence of black point affected grain (F1 
and F2), are earlier maturing and are likely to be bigger due to a greater supply of photosynthates 
and more favourable conditions for grain filling.  Noticeable differences in maturity are also likely to 
be associated with the reduced levels of black point incidence observed. 
Table 3. The influence of floret position within a spike on the incidence of black point at Northampton 
in 1997 
Floret position Incidence of black point  
F1 0.67 
F2 0.67 
F3 0.28 
F4 0.10 
Similarly, changes in black point incidence are influenced by spikelet position on the head.  Spikelets 
produced in the mid regions of the head which typically flower first, had significantly higher black 
point incidence than later developing kernels at the top and bottom (Figure 1).  
Figure 1. The influence of spikelet position within the head on incidence of black point at Northampton 
in 1997. 
SUMMARY 
• Kernel size and position influences the incidence of black point, black point incidence 
increasing where development of the kernel is most rapid, resulting in larger kernels. 
 - Black point affected kernels were 10 to 26 per cent heavier than normal kernels 
depending on variety. 
 - Changes in kernel size may influence black point development by altering the 
environment in which the grain is maturing and prolonging the period to which grain is 
exposed to moist conditions. 
• Cultivar adaptation and plant type are likely to influence the level of black point tolerance. 
 - Large grained cultivars are not always associated with an increase in black point 
incidence. 
 - Large seeded cultivars could be less susceptible to black point where glumes remain 
closed during kernel development and ripening.  Where this is not the case, factors such 
as brittle chaff may have a role. 
 - Cultivars that normally produce smaller grain, may have glumes forced open where rapid 
increases in kernel size occur. 
 - Cultivars with a glume structure that is difficult to remove, such as Perenjori, are 
relatively tolerant to black point, further supporting a role for genetic differences. 
KEY WORDS 
black point, risk, grain weight 
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Improving paddock productivity using renovation 
cropping techniques on heavier soils 
Frances Hoyle, Agriculture Western Australia 
KEY MESSAGE 
• Legume green manure crops can improve grain yield and protein significantly. 
• Crop type significantly influences suitability for renovation cropping. 
• Data indicates green mulching and brown manuring may be used as an alternative to green 
manuring where erosion hazard is high, or to maintain soil structure. 
AIM 
The aim of this trial is to evaluate appropriate crop types and incorporation techniques to maximise 
gains in on-farm profitability. 
METHOD 
Several crops were evaluated in 1998 for their potential as a green manure.  Species included field 
peas, lathyrus, vetch, oats, oat/vetch mix, mustard and canola.  Control plots included a harvest 
control (field pea) and chemical fallow.  Renovation treatments were imposed at flowering in 
September 1998.  Treatments consisted of green manuring (discing), green mulching (slashing) and 
brown manuring (chemical desiccation).  
The average nitrogen contribution was assessed from dry weight and tissue nitrogen analysis for 
treatments imposed in 1998, to determine potential contributions for 1999.  Forty per cent of the 
total nitrogen contribution, was estimated to be available at seeding in 1999. 
In 1999, Carnamah wheat was sown at Mullewa on 6 June at 80 kg/ha with 110 kg/ha Super Phos at 
seeding.  Nitrogen treatments were imposed by top dressing Urea on 17 June, two weeks post 
seeding @ 0, 40 and 80 kg/ha N in order to determine effect on yield and quality parameters. 
RESULTS 
Plant biomass and tissue nitrogen are the primary factors determining potential nitrogen contribution 
for different crops (Table 1).  Legume crops had the highest tissue nitrogen and calculated available 
nitrogen for all treatments.  Oats had the highest biomass, but were low in tissue nitrogen.  Therefore 
the benefits from this type of crop, would be largely associated with maintaining structural aspects 
and the addition of organic material to the soil.  Emergence of both canola and mustard was poor, 
whilst lathyrus and vetch competed poorly with weeds due to slow initial growth. 
Table 1. Potential nitrogen contribution from green manure crops in 1998 
Crop Species Tissue N (%) 
Plant dry matter 
(t/ha) 
Total N 
(kg/ha) 
Available N 
(kg/ha)** 
Canola 0.61 2.7 16.6 6.6 
Fieldpea  2.71 5.4 146.6 58.6 
Lathyrus 3.94 3.2 128.1 51.2 
Mustard 0.76 2.6 20.0 8.0 
Oats 0.40 6.4 25.8 10.3 
Oats/Vetch 1.55 3.8 58.7 23.5 
Vetch 3.19 3.0 94.4 37.8 
** Based on 40 per cent of nitrogen being available at seeding. 
The percentage of undecomposed material remaining on the soil surface at seeding in 1999, varied 
from approximately 35 per cent for oats down to 10 per cent for lathyrus.  The pattern generally 
reflected the amount of tissue nitrogen in the crops, greater decomposition in crops with higher 
tissue nitrogen.  This indicates the microbial degradation of legume crops is likely to be faster than in 
brassica or cereal crops.  
Green manure crops of field peas (Figure 1) and lathyrus had significantly higher grain yields and 
protein than other treatments, and were on average 20 per cent higher than the harvest control.  
Yield differences were significantly larger at nil applied nitrogen.  Increasing grain protein was 
observed with nitrogen application though no interaction with crop species was apparent.  Results 
indicate the site remained responsive to nitrogen for all treatments, with the exception of the 
chemical fallow.  Grain screenings (whole and cracked < 2 mm) were below 5 per cent for this trial, 
significant reductions were generally observed with additional nitrogen.  Harvested field pea and 
fallow treatments were observed to have the highest grain screenings. 
Figure 1. Grain yield and protein of Carnamah wheat following treatments imposed at Mullewa in 1998. 
Table 2. Gross margins for Carnamah wheat following field pea treatments imposed at Mullewa in 
1998 
Nitrogen Treatment Crop Treatment Gross margin in 1999* 
0 kg/ha nitrogen Harvested field peas 274.59 
 Manured field peas 375.24 
40 kg/ha nitrogen Harvested field peas 366.18 
 Manured field peas 419.24 
* Based on ASW price of $170, APW price of $175 and AH price of $187, with protein payments. 
No significant differences in grain yield or protein were observed under different incorporation 
techniques.  At nil nitrogen, oats were significantly lower yielding than harvested field peas.  Canola, 
mustard and oat/vetch obtained significantly higher grain yield than harvested peas, but were 
outyielded by vetch, fallow, lathyrus and peas respectively.  At 40N, only field peas and lathyrus 
remained significantly higher yielding than the control, whilst oats remained low.  Soil analysis 
indicates organic carbon has increased on average over the site from approximately 0.40% in 1998 
to 0.56% at seeding in 1999.  A wide variation in organic carbon was observed under treatments, 
with no significant differences in 1999. 
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COMMENTS 
• No significant differences in grain yield and quality were observed for different incorporation 
techniques such as green manuring, brown manuring and green mulching. 
• Field pea and Lathyrus species were the best choice options for yield improvement and returns 
at this site. 
• Although lathyrus produced a significantly lower biomass than other legume species, high 
tissue nitrogen is likely to have contributed to yield improvements.  This provides a key for 
growers in determining which legume species will provide the greatest potential for yield 
improvements. 
• The cost of seeding and maintenance of a green manure crop, can significantly influence the 
gains or losses experienced.  Tactical implementation where seasonal factors suggest low crop 
yield potential due to low rainfall, disease, frost etc is likely to provide most benefit. 
• Initial results are available from a limited number of sites for one year only.  Seasonal and 
spatial variability will influence potential benefits and further economic analysis is required. 
• High rainfall was experienced in May, possibly contributing to a loss of available nitrogen 
through leaching and influencing trial results.  In a drier year, these results may vary 
considerably, particularly for different incorporation methods. 
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Improving paddock productivity using renovation 
cropping techniques on sandplain soils 
Frances Hoyle and Keith Devenish, Agriculture Western Australia 
KEY MESSAGE 
• Yield increases of up to 36% can be achieved using renovation cropping techniques. 
• Nondestructive methods appear to have potential for use in fragile or erosion prone areas, 
green mulching indicating similar benefits to green manuring at this site. 
• Significant reductions in the number of ryegrass plants were observed with renovation cropping 
techniques. 
AIM 
The aim of this trial was to evaluate serradella pasture under appropriate incorporation techniques, for 
lighter soils to maximise gains in on-farm profitability. 
METHOD 
Renovation treatments were imposed in September 1998 on a second-year regenerated Cadiz 
serradella stand.  Treatments imposed at flowering, consisted of green manuring (discing), green 
mulching (slashing) and brown manuring (chemical desiccation).  A matured pasture stand was used 
as a control treatment (ungrazed).  The trial site was located on a deep sandplain at Yuna. 
The average nitrogen contribution was assessed from dry weight and tissue nitrogen analysis for 
treatments imposed in 1998, to determine potential contributions for 1999.  A tissue analysis of 
2.7% nitrogen (plant tops) and average plant dry matter of 4.08 t/ha, resulted in a potential nitrogen 
contribution of 110 kg/ha to the soil and consequently 44 kg/ha of available nitrogen at seeding in 
1999 (based on 40% of total availability). 
In 1999, Amery wheat was sown on 3 June at 75 kg/ha with 110 kg/ha Super Copper Zinc 
Molybdenum at seeding.  Nitrogen treatments were imposed by topdressing Urea on 17 June, two 
weeks post seeding @ 0, 30, 60 and 90 kg/ha of N in order to determine effect on yield and quality 
parameters. 
RESULTS 
The percentage of undecomposed material remaining on the soil surface at seeding in 1999 varied 
from approximately 10 per cent for the control and mown treatments, down to 5 per cent for disced 
treatments.  Spray or brown manure treatments had approximately 8.5 per cent dry matter remaining. 
Nitrate N available at seeding in 1999, was significantly higher for green manure and green mulch 
treatments in the 0-10 cm surface horizon, following treatments imposed in 1998.  Green manure 
treatments also indicated higher levels in the 10-30 cm horizon.  A high organic carbon of 0.58% in 
the upper horizon was observed in 1999 at seeding, compared to 1998 levels of 0.29%.  No 
significant differences were observed for treatments, including the control that did not have 
material removed as might be expected when grazing pasture residue.  Soil chemical properties 
other than these, did not significantly change.  A lower bulk density was observed in 1999 at seeding, 
compared to initial levels in 1998.  Sorptivity and flow rate levels were also increased, resulting in a 
higher hydraulic conductivity for all treatments. 
The main effect of treatment was significant for grain yield.  Green manure and green mulch 
treatments recorded significantly higher yields than brown manuring, which in turn was significantly 
higher than the control treatments (Figure 1).  Grain yield increased by as much as 36 per cent.  The 
main effect of nitrogen was significant for grain yield, protein and grain weight by volume.  A 
response to nitrogen was observed in treatments up to 60 kg/ha for grain yield and up to 90 kg/ha 
for grain protein. Black point (%) was the only grain quality variable indicating a significant 
interaction between incorporation and nitrogen treatments.  Grain screenings were below 5 per 
cent for this trial, no significant treatment effects observed, but reductions generally observed with 
additional nitrogen.  
Figure 1. Yield response to renovation cropping treatments for Amery wheat sown at Yuna in 1999. 
Trial results indicate the potential for renovation cropping techniques as part of an integrated 
approach to weed management and herbicide resistance (Table 1).  A low background population 
was observed at this site, future research sites to be chosen for high background populations and 
possibly resistance status to determine success under more testing conditions.   
Table 1. Ryegrass population response in 1999 to renovation cropping treatments at Yuna (plants per 
square metre) 
 1998 1999 
Control 6.0 50.7 
Green mulch 10.3 0.7 
Green manure 9.7 3.3 
Brown manure 6.7 1.3 
COMMENTS 
• Incorporation of the Cadiz stand in 1998, proved to be difficult due to the high biomass and 
‘vine like’ nature of the plant.  However, no problems were experienced with seeding into the 
residue in 1999, due to a high level of breakdown over summer. 
• Renovation cropping techniques were most beneficial where nil and 90 kg/ha nitrogen 
treatments were imposed  
• These results indicate the potential for renovation cropping techniques in benefiting soil 
physical characteristics, whilst contributing to improved production.  
• Significant reductions in the number of ryegrass plants were observed for all imposed 
treatments, indicating the potential for weed management and as a tool in effective herbicide 
resistance management.  
• The control treatment was not grazed and therefore is likely to have contributed more benefits 
than otherwise might be expected.  
• Initial results are available from a limited number of sites for one year only.  Seasonal and 
spatial variability will influence potential benefits and further research and analysis is required 
to provide a basis on which to evaluate seasonal and tactical decisions.  
• Excessively wet conditions directly after seeding in 1999 may have contributed to losses in 
available nitrogen through leaching.  In a drier year, the breakdown of material and response to 
nitrogen may differ, particularly for different incorporation methods.  
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Increasing profit – Is it possible using high input 
package approach for cereal production? 
M. Appelbee, IAMA Agri Services 
KEY MESSAGES 
The concept of high input package approach to crop production is not new, and really aims to make 
the best use of new technology by understanding the role each component of the production system 
plays.  Yield increases over the last 10 years can largely be attributed to improved varieties, 
appropriate time of sowing, better rotations, good weed control, adequate nutrition, and crop 
establishment, effectively summarise as a better crop investment phase.  Managing the effects of 
insects and foliar diseases are the next important agronomic issues expected to contribute to 
increased yields, and this can be described as the crop protection phase.   
BACKGROUND 
The terms of trade in agriculture have declined since time began and farmers now more than ever 
before, are assessing their input costs and the potential returns likely to be generated.  In developing 
a better understanding of soil types, rotations, varietal traits and other agronomic inputs, more 
informed decisions are increasingly demanded by farmers and sought by agronomists.  
IAMA has been investigating the concept of the high yielding wheat package to determine which 
agronomic factors will take farmers to the next level in achieving higher yields and greater return on 
investment at the most cost effective price.   
RESULTS AND DISCUSSION 
Trial work completed over the last two years indicates that under the right scenario significant yield 
responses can be achieved by controlling insects and foliar leaf diseases (Table 1). 
Table 1. IAMA High Yielding Wheat Package – Maya 1999 
Treatments 
Protein 
% 
Potential 
Grade 
Yield 
kg/ha 
GM 
$/ha 
Farmer practice Agflow 70 + 100 Urea 8.33 ASW 2595 454 
Urea 50 kg/ha 9.3 ASWN 2825 579 
Urea 50 kg/ha + Dominex  125 ml/ha 9.3 ASWN 2811 577 
Urea 50 kg/ha + Impact 250 ml/ha 9.33 ASWN 3026 621 
Urea 50 kg/ha + Dominex 125 ml/ha + 
Impact 250 ml/ha 
9.45 ASWN 3052 626 
Dominex 125 ml/ha + Impact 250 ml/ha 8.43 ASW 2891 506 
LSD 0.05   187  
COV   5.79  
Sown: 21/5/99 
Variety: Arrino @ 70 kg/ha 
Fertiliser Agflow 70 kg, 100 kg Urea (IBS) 
The combined yield response following the application of additional urea and foliar fungicide was 
430 kg/ha, which added an additional $165/ha to the gross margin.  Considering the leaf rust disease 
pressure in the year this work was conducted and the susceptibility of the variety grown, the 
expectation of an economic response to a foliar fungicide application was realised.  Controlling 
aphids and the subsequent effect of BYDV did not increase yields under the conditions of this 
experiment, which was a little surprising. 
Data presented  from similar trial work in York (Table 2) demonstrates that this package approach is 
not a guarantee of significant yield responses in every instance.  With the favourable growing 
conditions experienced in York during 1999, grain yield of the control treatment (4910 kg/ha) was 
not significantly increased by any of the component treatments of the high yielding package. 
Developing a more detailed understanding of how to predict economic response from the 
implementation of high yielding cropping packages is being continually refined by the IAMA 
agronomy team. 
Table 2. IAMA High Yielding Wheat Package – York 1999 
Treatment Yield kg/ha Gm $/ha 
Control –  4910 1007 
Urea 50 kg/ha 4947 1014 
Urea 50 kg/ha + Dominex 125 ml/ha 4710 966 
Urea 50 kg/ha + Impact 250 ml/ha 5026 1030 
Urea 50 kg/ha + Dominex 125 ml/ha + Impact 
250 ml/ha 
4889 1002 
Sown: 23/5/99 
Variety: Arrino @ 70 kg/ha 
Fertiliser Agflow 70 kg 
CONCLUSIONS 
The key message at present with high yielding cropping packages is that currently our understanding 
of all contributing factors is insufficient to accurately predict or guarantee success.  With the on going 
price squeeze, growers are continually seeking to increase yield, and the option of a package or 
recipe to follow is an appealing option.  IAMA agronomists are continuing their efforts in developing a 
package approach that can be used by growers throughout the State. 
Improving wheat yield, soil physical and chemical 
fertility by a package of deep ripping, gypsum and 
complete nutrients 
M.A. Hamza and W.K. Anderson, Agriculture Western Australia 
KEY FINDINGS 
• Evidence has been produced to show that a package of deep ripping, gypsum application, 
complete nutrients and incorporating plant residues into the soil can improve physical and 
chemical fertility and wheat yield.  
• An initial study showed that one of the main reasons for low wheat yield in the low rainfall 
area of Western Australia is degraded soil physical properties as indicated by reduced water 
infiltration rate and high levels of soil compaction.  
• The implementation of the package in experiments at three sites increased the yield of wheat 
in the first year (1997) by 20-49 percent and in the second wheat year (1999) by 40 – 63 
percent. 
• Water infiltration rate, soil strength, bulk density, water stable aggregates, Cation Exchange 
Capacity and soil organic matter content improved significantly due to the implementation of 
the package.  
INTRODUCTION 
Field observations and analysing wheat yields in relation to seasonal rainfall in 14 shires in the low 
rainfall areas of Western Australia has indicated that low water infiltration related to degraded soil 
structure may be one cause of the low rate of wheat yield improvement.  To test this hypothesis, three 
field trials were commenced in 1997 in Merredin, Nungarin and Tammin shires.  A factorial 
experiment using deep ripping to 40 cm (DR), 2.5 t ha-1 gypsum (G), and complete nutrient (N, which 
includes all macro and micro essential elements) was conducted at each site.  Returning plant 
residues to the soil is an integral part of all treatments.  
At the Merredin and Nungarin sites the soils are sandy clay loams overlying clay loam with a bulk 
density around 1.77 kg m-3 for Merredin and 1.31 kg m-3 for Nungarin.  At the Tammin site the soil is 
loamy sand for top and subsoil with a bulk density of 1.5 kg m-3.  These soils are characterised by a 
massive structure, compaction, low organic matter and pH and poor water permeability.  One tonne 
per hectare of calcite lime was applied to all treatments to reduce soil acidity.  All sites were sown to 
wheat in the first year (1997), legume in the second year (1998) and wheat in the third year (1999). 
RESULTS AND DISCUSSION 
Seasonal rainfall (April-October) in 1999 was 371 mm at Merredin, 300 mm at Nungarin, and 307 mm 
at Tammin.  
Table 1. Wheat yield responses to deep ripping, gypsum and nutrients at Merredin, Nungarin and 
Tammin sites in 1999.  Numbers in the brackets refer to the % change in yields relative to the 
control treatments 
Treatment 
Merredin 
t ha-1 
Nungarin 
t ha-1 
Tammin 
t ha-1 
CON 2.42  2.43 2.93 
DR 2.76 (14) 1.83 (-25) 2.63 (-10) 
G 3.25 (34) 3.12 (29) 3.42 (17) 
N 3.15 (30) 3.28 (35) 3.40 (16) 
GN 3.69 (52) 3.71 (53) 3.93 (34) 
DRN 3.01 (24) 2.65 (9) 3.52 (20) 
DRG 3.41 (41) 3.48 (43) 3.53 (20) 
DRGN 3.95 (63) 3.87 (59) 4.10 (40) 
 LSD = 0.39 LSD = 0.41 LSD = 0.40 
Table 1 shows that second year (1999) wheat yield at all sites increased significantly for all 
treatments except DR.  While deep ripping alone increased wheat yield by 14% (ns) at Merredin, it 
decreased it by 25% at Nungarin and by 10% (ns) at Tammin.  The highest yields at all sites were 
obtained from the complete package treatment, GRDN.  This confirms our expectation that gypsum 
plays an important role in reforming the structure of compacted soil after it has been disrupted by 
deep ripping.  The decrease or relatively minor response in grain yield due to the DR treatments 
indicates that the soil structure was still unable to reform even after three years in the absence of a 
flocculating agent like calcium from gypsum.  In the long run deep ripping alone might even produce 
a negative affect on the soil. 
Complete nutrient treatments increased wheat yield significantly at all sites but the lower increase 
at the Tammin site was associated with a lower cation exchange capacity (CEC, see Table 2) which 
reflects the sandy nature of the site.  This result suggests the importance of increasing CEC through 
returning plant residues to the soil.  The effect of nutrient addition was approximately additive with 
the effect of gypsum but the negative effect of deep ripping on grain yield was absent when the full 
package was applied (DRGN, Table 1). 
Table 2. Infiltration rat and Cation Exchange Capacity for Merredin, Nungarin and Tammin, after one 
rotation cycle of wheat - legumes for the Control, N, GN and DRGN treatments 
Treatment Merredin Nungarin Tammin 
Infiltration rate (mm hr-1) 
N 8.0 10.2 12.4 
GN 20.8 24.8 20.3 
DRN 16.0 20.7 18.9 
DRGN 23.6 26.8 25.8 
CEC (cmol KG-1) 
Con. 10.2 10.6 7.4 
GN 10.9 12.9 10.2 
DRGN 13.5 13.7 11.8 
Table 2 shows the changes in two soil parameters due to the application of the N, GN, DRN and 
DRGN treatments, the water infiltration rate which represents the changes in soil physical conditions 
and the CEC which shows the changes in soil chemical fertility.  The highest increase for both 
parameters occurred after the application of the GRDN treatments.  The water infiltration rate 
increased by from 100 to almost 200% at the Merredin and Nungarin sites but by lesser amounts at 
the Tammin site.  Additional treatments such as dolomite to supply calcium and magnesium may be 
required at sandier sites such at Tammin to further enhance the improvement of the soil structure.  
The CEC was increased substantially at all sites by the GN and DRGN treatments (Table 2) but 
relatively more at the Tammin site.  The higher percentage increase in CEC at the Tammin site was 
associated with higher  
Yields and thus greater amounts of plant residue returned to the soil in the previous three years. 
The highest grain protein contents occurred in the DRGN treatment at the Merredin and Nungarin 
sites and in the DRN treatment at the Tammin site (data not shown). 
CONCLUSION 
Wheat yield and soil physical properties continue to improve in response to the residual effect of a 
package of deep ripping, gypsum and complete fertiliser applied three years ago.  The residual affect 
of the deep ripping treatments decreased wheat yield in two sites and increased it in the third site (ns) 
indicating the negative long run effect of deep ripping on soil and yield.  The CEC of the soils under 
the highest yielding treatments was most likely due to the increased amounts of crop residues 
returned to the soil in those treatments.  Increased fertiliser efficiency and reduced chances of 
environmental pollution can be expected from these treatments as a result.  
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Organic Wheat – Production System Guidelines 
Steven McCoy, Centre for New Industries Development 
BACKGROUND 
World trade in organic agricultural products was estimated to be worth $US 11 billion in 1997 and has 
been expanding by about 20% per year for the past 5 years.  Major export markets are Japan, Europe 
and USA.  Organic products are the fastest growing sector in the food industry in a number of these 
markets and now include a full range of fresh and processed products.  Continued rapid growth is 
predicted with world trade estimated to reach $US100 billion by 2006.  Wheat based products are 
considered an important sector of these expanding markets. 
These guidelines aim to provide a general outline of organic wheat production for consideration by 
conventional growers with interest in conversion to an organic system. 
WHAT IS MODERN ORGANIC FARMING? 
A whole farm management system where biology and balanced soils give sustainable yields without 
chemicals or forced growth. 
Organic Certification 
Australia has a good international reputation for authentic organic products. 
• Based on minimum ‘National Standards for Organic and Biodynamic Produce’ administered by 
AQIS (Australian Quarantine Inspection Service).  
• Organic certification is mandatory for export. 
• Minimum qualifying period before certification granted:  1st year - pre-certification, 2nd year - 
‘in conversion’, 3rd year - full ‘organic’. 
• Part (of farm) certification requires sufficient area to establish an organic system. 
• Product transport, storage and processing must comply with organic standards. 
• Audit trail requires records to verify inputs used, management practices, yields and sales. 
General principles 
The following general principles underlie organic production systems. 
Whole Farm Integrated Management – Successful organic farmers design whole farm integrated 
management strategies to optimise the interaction between different farm activities.  
Aspects to consider:  
• Farm layout to improve management efficiency - including water management, access 
laneways, shelterbelts and fencing.  
• Cropping/pasture rotations - impact on soil conditions, weeds, pests and disease. 
• Integration of livestock and rotational grazing for pasture and weed management, carbon and 
nutrient cycling. 
• Soil management of a biologically active, renewable resource, where soil carbon energy fuels 
biological cycling and release of nutrients while improving soil resilience to land degradation.  
Cycles of fertility building and depletion are designed to maintain sustainable yields without 
high input of fertilisers. 
• Weed management as an integrated approach involving soil conditions, crop rotations and 
skillful pasture management to reduce weed seed burden.  Timely management and 
cultivation for effective weed control. 
• Pest and disease problems decline with healthy balanced plant growth, sound rotations, 
careful pasture management and biological diversity.  
Biological Diversity Creates Ecological Stability – management methods and inputs used aim to 
enhance biological diversity and nurture beneficial organisms, both above and below ground.  A 
diverse range of crop plants, tree belts or remnant vegetation is used to maintain predator 
populations.  Mixed farming incorporating cropping and livestock adds diversity and flexibility to the 
farming system.  
Sustainable Yields within the Productive Capacity of the Land – organic farms tend towards a closed 
system, without routine reliance on off-farm inputs so far as possible.  Close observation and 
understanding of biological processes, together with good management, allow efficient cycling and 
use of resources in place of high amounts of chemical and fertiliser inputs.  
Healthy Plants Stem from Healthy Soil – Balanced biologically active soils, with enhanced organic 
matter content and humus formation, are the basis of sustainable organic farming.  Soil biological 
processes make nutrients available for balanced plant uptake.  Maintaining good deep soil structure 
allows crop roots to exploit large volumes of soil for moisture, air and nutrients.  
Co-existence with, and Protection of the Environment – maintaining biological diversity on and 
around the farm is an important feature.  Areas of remnant vegetation and waterways should be 
protected.  Pollution and other forms of degradation resulting from agriculture are avoided.  The use 
of non-renewable resources is minimised where possible. 
Wheat production methods 
Important changes conventional wheat farmers may need to consider when converting to an organic 
system relate to the following aspects: 
Soil Conditions and Fertility – Developing soil conditions suitable for organic wheat production can 
take several years.  
Soil chemical imbalance or nutrient deficiency can be corrected over time with appropriate 
amendments like lime, dolomite, gypsum, reactive phosphate rock, potassium sulfate and trace 
elements.  Emphasis is given to the balance or proportions of different elements in the soil especially 
the ratio of calcium to magnesium and other cations.  Nitrogen is generally grown on site through 
the use of legume based pasture phases and green manure crops.  Various soil or foliar sprays are 
permitted like humates, seaweed, fish emulsion and other naturally derived substances. 
Soil biological activity is the key to enhancing nutrient mineralisation and release to plants, and to 
regenerate soil structure.  Several years of legume based mixed pasture, or green manure ploughed 
under, are used to provide vital soil organic matter to feed soil biological activity.  Various biological 
and other formulations are used to enhance soil biological processes 
Soil physical properties improve with soil chemical balance and biological activity.  Deep rooted 
annual and perennial pasture or crop plants (like lupins or canola) combined with rotational grazing, 
soil amendments and appropriate deep ripping are used to improve poor soil structure.  Good deep 
soil structure without hardpan compaction allows extensive deep root growth to exploit soil reserves 
for moisture and nutrients.  
Crop Rotations - Sustainable rotations typically include a well-managed legume based pasture phase 
for several years to rebuild soil chemical, biological and physical condition suitable for successful 
cropping.  In addition, rotations can be designed to break pest and disease cycles and reduce weed 
burden.  One example of an organic rotation on strong soils may be pasture (vetch or medic hay) > 
pasture > wheat > chickpeas > fallow > wheat.  On lighter soils a rotation may consist of pasture > 
pasture (green manure) > wheat > oats or simply pasture > pasture > wheat. 
Animals - Livestock are seen as a vital component in many organic farming systems.  Apart from 
income production, livestock grazing is important for management of legume composition in pasture 
and control of grass and other weed species – two critical aspects of successful organic wheat 
production.  They also provide valuable nutrient and carbon cycling.  
Weed Management - Integrated weed control without the use of herbicides gives good results with 
timely management.  Typical management requires several years of close pasture management prior 
to cropping to reduce weed seed burden, possibly involving high impact grazing pressure, pasture 
topping or incorporation as a green manure.  Timely cultivation following a good first germination is 
followed by an effective second weed kill at seeding.  Harrows or light grazing have been used for 
post emergence weed control given appropriate seeding rates. 
Pest and Disease Management - Pest and disease management also relies on an integrated approach 
to minimise vulnerability to problems.  Good crop rotation design and healthy balanced plant growth 
results in few serious pest or disease problems reported.  A range of permitted substances can be 
used, like Bacillus thuringenensis for grub control, but rarely justify the cost. 
Paper reviewed by: G.J. Parlevliet 
Durum wheat obtains a premium over bread wheat 
Steven Penny, Agriculture Western Australia 
KEY MESSAGE 
Durum wheat can provide greater returns than premium bread wheat, providing the correct variety 
and appropriate management package is adopted.  Soil type, rotation and diseases such as crown rot 
can significantly influence grain yield and quality. 
AIMS 
Economic analysis of trial results in 1998/1999 indicated that durum wheat production was more 
profitable than bread wheat, where frost and crown rot was not a significant factor influencing grain 
yield. In 1999/2000 a series of demonstration trials were sown to undertake further economic 
evaluation of durum wheat production.  The underlying principle behind these trials, was to 
demonstrate that the adoption of a durum wheat agronomy package under current management 
practices, could be more profitable than bread wheat production.  The premium for durum wheat is 
$64/tonne on average ($28-$40 under 1999/2000 pool prices) over bread wheat of the same protein 
level.  Although there may be a yield penalty between the two, durum is usually more profitable 
because the market premium more than compensates. 
METHOD 
During the 1999-2000 season six grower based demonstration trials were sown at different locations, 
from Balla in the North through to Varley in the South, to show that profitable durum production is 
possible throughout the agricultural region.  Site selection required site properties and management 
suitable for the production of durum wheat.  The majority of sites had a soil pH greater than 6.0 
(CaCl2), to ensure optimal growth and yield potential..  All except one of the sites were sown to a 
legume crop in the previous season, ensuring the greatest chance of achieving high grain protein  
suitable for premium paying segregations.  All sites chosen had no known risk of crown rot, as this is 
the cereal diseases that poses the greatest threat to durum crops. 
The trials were sown and harvested with the grower’s own equipment and consisted of a single strip 
of each of the four durum varieties Yallaroi, Kamilaroi, Wollaroi and Tamaroi, along with three strips 
of a bread variety of the growers choice.  The bread wheat was sown in the first, fourth and seventh 
plot with each of the four durum varieties sown in a random order in between.  Management of the 
sites was undertaken by the grower.  It was recommended that durum varieties be sown at a seed 
rate 10% higher than that for the bread wheat variety to compensate for the greater seed size of the 
durum varieties.  Seeding rate, fertiliser rate and herbicide treatments, were determined by the 
grower. 
Yield results were obtained at harvest using a weigh trailer.  Samples were taken for each treatment 
and analysed for grain protein, test weight, moisture, screenings and fungal stained grains. 
RESULTS 
Durum varieties consistently produced higher protein levels than the bread wheat standards 
(0.1-2.0%) at all but the Balla site.  The durum varieties also yielded comparatively well at all but the 
Morawa site.  Although durum wheat yields  were lower than bread wheat yields for most varieties, 
the gross margins were higher at both the Balla and Varley sites. Wollaroi and Kamilaroi had higher 
gross margins than the bread wheats at the Bodallin and Dowerin sites and Tamaroi had a higher 
gross margin than the bread wheat at the New Norcia site.  Yields were very poor at the Morawa site, 
resulting in a higher gross margin for the variety Westonia than any of the durum varieties. 
 Location Variety t/ha Protein Quality $/ha 
Balla Cascades 2.05 12.7 AH11.5 384 
 Kamilaroi 1.91 12.0 D2 411 
 Tamaroi 1.95 12.0 D2 419 
 Yallaroi 1.99 11.7 D2 427 
 Wollaroi 1.90 12.2 D2 408 
Bodallin Machete 1.74 10.4 APW 305 
 Kamilaroi 1.68 11.5 D2 362 
 Tamaroi 1.60 11.2 D3 272 
 Yallaroi 1.41 12.3 D2 304 
 Wollaroi 1.72 11.9 D2 370 
Dowerin Kalannie 3.01 9.5 ASW 512 
 Kamilaroi 3.04 10.8 D3 517 
 Tamaroi 2.94 9.8 FEED 397 
 Yallaroi 2.76 10.6 D3 469 
 Wollaroi 3.18 11.5 D2 683 
Morawa Westonia 1.08 9.0 ASW 184 
 Kamilaroi 0.68 10.0 D3 116 
 Tamaroi 0.90 9.8 FEED 122 
 Yallaroi 0.65 9.7 FEED 88 
 Wollaroi 0.77 10.2 D3 130 
New Norcia Calingiri 4.07 11.0 ASWN 813 
 Kamilaroi 2.97 11.9 D3 505 
 Tamaroi 4.28 11.5 D2 919 
 Yallaroi 4.67 11.1 D3 795 
 Wollaroi 3.60 11.5 D2 774 
Varley Brookton 2.96 11.3 APW 519 
 Janz 2.76 13.0 AH13 567 
 Kamilaroi 2.58 14.4 D1 633 
 Tamaroi 2.60 14.7 D1 637 
 Yallaroi 2.56 14.5 D1 628 
 Wollaroi 2.72 14.9 D1 666 
CONCLUSION 
The results show that, provided the durum wheat agronomic package is followed and the appropriate 
durum variety is selected, durum can be more profitable than bread wheat.  It is most likely that the 
pH of 4.2 (CaCl2) on the Morawa site was responsible for the poor yield results, resulting in the bread 
wheat variety being more profitable than any of the durum varieties. 
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